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TRANSLATOR'S PREFACE. 

X HE friendship, with which I am honoured 
by Mr. De Luc, induced him some time ago 
to communicate to me a Treatise on Geology, 
intended for the French Press. He was de- 
sirous that this work should appear in Eng- 
land, which he has for thirty-six years con- 
sidered as his native country ; and at his re- 
quest, I ventured to undertake the following 
translation, which has been conducted and 
completed under his immediate inspection. 

In revising his work, previously to its trans- 
lation, some alterations occurred to the author 
as expedient. The French and English pub- 
lications will therefore occasionally differ. 
The Letters also to Dr. Hutton, published 
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in the Monthly Review, are omitted in this 
work, though inserted in the original now 
printing at Paris. 

To establish some fundamental points in 
Geology, is the principal object of Mr. De 
Luc; an object necessarily connecting almost 
every branch of the physical sciences, with the 
History of the Earth. This is clearly shown 
in the following pages, and the attention of 
the student is directed to the precise points 
of natural philosophy* and natural history, 
embraced by geology, and which have long 
excited a considerable interest. 

Mr. De Luc has not yet been able to pre- 
pare for publication his earlier travels in Swit- 
zerland and in Germany, from the year 1782 
to 1799- But he considers those which will 
shortly appear in English, containing his ob- 
servations on some parts of the coasts of the 
Baltic and North Seas, and in different parts 
of England, as sufficient to establish all the 
propositions of the theory, the critical discus- 
sion of which forms the subject of the present 
work. 

It 



It has been justly observed that the dis- 
coveries in the physical sciences, of which re- 
cent times may boast, are to be ascribed to the 
influence of those rules of legitimate philoso* 
phy which were established by Lord Bacon 
two centuries ago. To these roles no philoso* 

■4 

pher has more scrupulously adhered than the 
excellent author of this work; and while he has 
thus largely contributed to rescue geological 
science from the disgrace of visionary theories, 
he has advanced a system which makes a 
ftrong appeal for its truth to facts easily veri- 
fied, if their certainty be disputed. 

The origin and nature of Man form the ul- 
timate objects of Mr. De Luc's inquiries. A 
knowledge of the History of man, he has ob- 
served, is indispensably necessary in order to 
investigate with success these most interest- 
ing subjects: and as his History is intimately 
connected with that of the planet which he in- 
habits, it becomes requisite to study with 
attention the monuments of the revolutions 
which \be surface of the globe has undergone, 

together 



v 4 

tflfff'fepf Mfj$ ty$-8W$ flUtf 1 ^ ay * P r( >dueed 
them* • ■. 

^yhQ.te^ylts gf }^. ^e JJaic's .fyng and labo- 
^pu^:rep,ear^h^ ; h^y^ .6ugplie(| an additional 
proof in ,s_upgo>J; „o| reyealed.. Religion. He 
^ m.a&e it appear, that the vejy facts upon 
whjch thppe systems' seeped to rest, which as- 
Wgn ^r indefinite aatiquii^y to our present con- 
tinents, confirm, op the contrary, in the most 
9^tisfac(;pry manner, the chronology of Gene- 
sis; an d he has successfully traced the striking 
analogy that subsist* between the great Volume 
of Nature, and the sacred page of Revelation* 
fhus ta.lut? shown, t^aJ; the revolution which, 
according to every fact of ^eolog3 r , gave birth 
tp our continent^ was effected at the epoch of 
the Deluge* as it is despribed in the J\dosaic 
tjisfory; and thus likewise he- has, demon- 
strated the conformity of geological monu- 
iherjte with tl}£ sqbljmp Recount pf that series 
of 9P^rs|ti9ns whjph took place during the Six 
Boys* or periods of time 3 recorded by the 

* 
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Mr. De Luc's Geological Letters to Pro- 
fessor Blu?ne?ibach, in the British Critic for 
1794 and 1795, were intended to point out 
those connexions : life seldom alludes to them 
in this work, the subject of which is purely 
philosophical: but the last of these Letters, 
on account of its very interesting nature, is, 
with the author's consent, reprinted here as an 
Appendix. 

The numerous extracts from M. de Saus- 
sure's Voyages dans les Alpes, adduced by 
Mr. De Luc in confirmation, either of his 
system, or of his personal observations, will 
form, it is presumed, a valuable part of this 
volume; and they will prove the more accept- 
able to the English reader, as no translation 
of the Travels of that eminent geologist into 
<jur language, has yet appeared. 



HENRY DE LA FITE. 



WHILE this work was in the press, Dr. 
Haips's first volume of his New Analysis of Chro- 
nology, 8$c. appeared; and on that publication Mr. 
De Luc has communicated to the translator the fol* 
lowing remark : — " I regret that the Rev. Dr. Hales, 
" in his work just published, has deemed it necessary 
46 to animadvert upon my Geological system, from 
" some misconceived notions of it; classing me among 
" the Geologists who baye thought — That the anter 
ci dUwoian mountains did not exceed 50 toises m 
" height; — And that before the Deluge, the eartK$ 
" axis was perpendicular to the plane of the ecliptic^ 
" and that its present obliquity took place at the 
" Deluge, which occasioned an alteration in the 
" earth's centre of gramty. P. 329. If Dr. Hales 
* € had read my works, or only the Vlth of my Let- 
" ters to Professor Blumenbach, in the British 
" Critic of 1795, (which, as containing a general 
" view of the agreement of my system with Genesis, 
" is, in conformity to your wish, to be subjoined to 
" your translation) he would, in the first place, have 
16 seen, that I never attempted to fix the height of 
" the antediluvian mountains, a point wholly indif- 
" ferent to my system. And with respect to changes 
" in the earth's motions, he would have perceived 
" that I considered those which I have mentioned, 
" not as a cause of the Deluge, but as consequences 
" which might have influenced the astronomical ob^ 

" servations 
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servations subsequent to that event. On this 
sttbject, Dr. Hales may see, in a review of Mr. 
Phil. Howard's work, The Scriptural History 
of the Earth, <§•<?.. (British Critic, August 1797, 
p. 108,) that these small changes are adduced as 
accounting for the remarkable circumstance of the 
antediluvian year consisting only of 360 days. 
This circumstance served as the foundation of the 
ancient astronomical formulae, transmitted by 
Noah to the Asiatic nations; formula} which, 
however accurate with regard to the antediluvian 
state of the earth, had subsequently required cor- 
rections, on account of a greater number of days 
in the year, i. e. of revolutions of the earth on its 
axis, while describing the same orbit." 
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PRELIMINARY DISCOURSE ON GEOLOGY. 

% 1. Geology the most extensive and the most complex of 
sciences. 2. The too hasty assignment of came* to past effict* 
has produced various contradictory Theories of the Earth. 
3. TJie history of the Earth inseparably connected with that of' 
Man. 4. Geology a science useless to mankind, till brought 
forward in the systems of modern philosophers ; the history of 
the earth and of the human race having been sufficiently made 
known by the Mosaic records, and by Pagan traditions derived 
from a similar source. 5. All information essential to men on 
this subject had thus been afforded them by Revelation. 6. But 
Geology having been represented by some authors as in opposi- 
tion to the history of Moses, the study of this science is on that 
account become essential to Divines. 7. The duties and the 
destination of men involved in a question which concerns their 
origin. 6. The first geological systems contrary to Genesis have 
(alien to the ground. 9* Those in defence of Genesis equally 
premature. 10. importance of establishing some fundamental 
points in Geology. 11. Mr. Play fair's Illustrations of the Hut* 
tonian Theory one of the latest and most methodical works on 
this science. - 12. Dr. Iiutton had formed a general system front 
&mei rajncxalogical details. 13. Mr* Playfair-s statement of the 
great, ex tent of knowledge required in geology. 14. inconse- 
quences of scepticism in this science. 15. General motives ad- 
duced with reason by Mr, Playfair for hoping that truth in 
geology may be attained ; but its attainment would be pro- 
tracted by the means which he points -out. 16. He believes 
that Dr. Hutton's theory has betn little noticed, not on account 
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of ts nature, but of its obscurity: he is however mistaken, for 
it is easily understood. } 7- Cause of "the neglect of Bacon 
among superficial naturalists." 18. Bacon's design was not to 
erect the edifice of science, but only to lay its foundation on 
fixed principles. 19. The deficiency of his materials. 20. His 
opinion that facts ought to be exclusively the objects of atten- 
tion. 21. All geological questions must be resolved by facts. 
22. The theory, distinctively called Huttonian, connected with 
hypotheses common to many other theories. 23. Dr. Hutton 
and Mr. Playfair consider the alternate changes supposed in their 
theory, and the final causes which they assign to these changes, 
as reciprocally proving each other. 24. Outline of the Hutto* 
nian theory. 25. No limit assignable to the number of alter* 
itate' changes supposed in it, from sea to land, and from land to 
sea; whence all knowledge of a primitive state of the earth is- 
placed beyond our reach. 26. Aspect under which Mr. Play- 
fair presents his hypotheses. 26. a; # The fear of incurring the 
imputation of weakness may induce many to acquiesce in his 
theory, though they may not comprehend the ground of his 
confidence. 27* No other system* could lead to the discussion 
of so many important geological questions. 28. The origin of 
the mineral strata one of the greatest objects of this science. 
29. Huttonian opinions respecting the degradation of our conii* 
ncntSy and the action of external causes upon them. 30. Respect- 
ing the sediments of rivers, and the materials detached by the 
sea from its coasts. 31. Whether our mineral strata could have 
been formed from the detritus of former continents. 31. a. Cause 
assigned by Dr. Hutton for the consolidation of loose materials. 
32. The birth of our continents produced by some great revolu- 
tion upon our globe. 33. Ruinous appearance of the mineral 
strata. 34. Either their mass must have been raised, or the 
level x)f the sea must have sunk. 35. Importance of ascertain- 
ing the antiquity of our continents. 36*. Necessity of properly 
classing the observations made in geological travels. 37* No 
inquiries made in early times respecting an antecedent state of 

• * In the original there is an accidental repetition of the numbers of some 6f 
the. sections; a similar repetition has necessarily ©ccurre4 in the translation, in 
order that the numbers may correspond, 
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the earth, 38. Attention first attracted to this object by the 
marine shells found at a distance from the sea. 39* However er- 
roneous the first theories of the earth may have been, they have 
yet served to accumulate materials, by which geology is now be- 
come a solid science. 40. It is more fixed than is generally , 
supposed. 41. The confusion which has arisen in it can be dis- 
sipated only by more attentive study. ' 42. Distinction to be 
made between phenomena produced by ^causes still in action, arid 
by such as have ceased to act. 43. The production of our conti- 
nents to be ascribed to causes which have ceased to act, and the 
modification of their original state to causes still in action. 44. Tile 
original state of our continents, and likewise their age, determi- 
nable by the action of actual causes. 45. Their small antiquity 
already proved by Mr. De Luc, in his Lett res phys. et mdr. sur 
VHist. de la Terre et de VHommi. 46. His answer to Dr. Schmied- 
er's theory; and the difference between that and Dr. Hutton's. 
47. The first point necessary to be fixed in geology is the state of 
our continents at their birth. 48. Great importance of M. de SaiiS- 
sure's observations on mountains. AQ. The original and actual 
states of the strata composing mountains afford a clue to the know- 
ledge of past events. 50. The Huttonian theory excludes gr*» 
nite, porphyry, &c. from the number of stratified substances. 51. 
The production of granite by chemical precipitations was the first 
operation of physical causes on our globe ; other strata have 
been successively formed in the same manner: the catastrophes 
undergone by the whole mass of strata have produced the rela- 
tive differences of level between mountains and plains. 52. Ne- 
cessity of studying the effects formerly resulting from causes, 
Which, though still existing, no longer produce such effects, oik 
account of the change of circumstances. 53. Reference to Mr. 
De Luc's Lett res sur I' Hist, physique de la Terre, adrcssks a M P 
le Prof. BUimenbach. 54. Nothing originally produced under 
the form of mountains. 55. The principal points of Mr. De 
Luc's Theory: I. Respecting the origm of our continents, 
II. Origin of our mountains and plains. III. Islands of the on- 
dent ft*, of which some sunk beneath the level of the waters, 
with all their animals and vegetables; IV. While othert, not 
submerged, became the summits of our present mountains, and 
the stntnos of vegttatien for the new continents. V. Retreat of 
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the sea from the new continents, to coTcr those ancient ones 
which sunk. VI. Permanence of level of the new sea. VII. Short- 
ness of the time elapsed since the above revolution. 56. No- 
thing conjectural in this theory, facts being its only foundation. 
57. The strata of granite form the most ancient geological mono- 
*ment. oS. Effects produced on the new continents by atmosphe- 
rical causes. 59. The production of grairite must have. been a 
Jirst operation, resulting from the accession of some new cause. 
60. How far Chemistry is useful in Geology. 6l. Liquidity 
being necessary to every chemical precipitation, the first change 
which took place in the mass containing the ingredients of gra- 
nite consisted in its acquiring liquidity. 62. This liquidity 
could have been produced by the union ofjire only with the 
molecules of the mass. 63. M. de la Methcrie's misconcep- 
tion of this point. 6-1-. Water, ice, and aqueous vapour, are 
the. three forms under which that substance now appears, 
which, previously to its union with the Jire of liquefaction, 
could not be described by either of those terms. • 65. In that 
elementary state, the particles of this substance were intermixed 
with ail others; when united with fire, it formed the primordial 
liquid, whence our mineral strata and the atmosphere were suc- 
cessively separated ; and the waters of the present sea then re- 
mained as a residuum. 66. Fire being composed of light, and 
of another substance belonging to the atmosphere and to ter- 
xestrial bodies, the latter, though intermixed with all other 
elementary .particles, could produce neither heat nor liquidity, 
till it received the addition of light. 66. a. The source of light 
beyond the reach of philosophical research. 67. The sea, hav- 
ing lost all the substances which produced our mineral strata, 
no such precipitations now take place in it; nor is the mass of 
the strata any longer subject to the catastrophes, by which 
their preceding revolutions had been occasioned. 68. Folcanos 
have not contributed to these effects in any way yet discovered. 
69. The causes of the successive differences of precipitations, and 
pf the subsequent ca&strophes of the strata, must have been con- 
tained within the earth itself. 70. Question whether the high- 
est parts of the earth have been raised, or the lowest have sub- 
sided. 71. The existence of caverns a fixed point in Geology; 
but, according to the theory of subsidence, they have beei* 
mostly filled up ; according to that of elevation, they must still 
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exist. 72. The objett of the following' Dfesertstion will be t& 
examine how far the original state of each -.part of the surfacet 
of our continents can be determined by an. investigation of thti 
causes which have acted on them, and of the effects produced^ 
bj these causes. . . • 

DISSERTATION * ■ ■ 

On the geological phouomena which determine the state of out 
continents at their birth* Preceded by some general remarks on 
the causes which retard decisions in the study of Nature; 
and containing an examination of Dr. Hutton's Theory of 
the Earth, 

§ 73. The state of our continents at their birth forms a central 
point, to which all observations of phenomena ought to tend. 
74, 75. Necessity of studying the causes now in action on the, 
continents, aud determining what effects they have already 
produced. 76. The same phenomenon, accompanied by differ* 
ent circumstances, requires repeated observation. 77* The 
observation of phenomena in their various associations with each 
other, will enable us to ascend to their respective causes, which 
are all mutually connected by corresponding links. 79. Eager* 
Bess of. the human mind to .generalize phenomena, before it has 
sufficiently ascertained their distinctive characters. 79* The 
decomjmitwk of phenomena recommended by Bacon. 80. Danger 
ed generalising complicated phenomena. 91. No conclusions 
relative to causes should be drawn, until the most remote has? 
been studied no less carefully than the immediate, and until the 
circumstances have been distinguished by which the phenomena. 
are connected with each other. 81. a. A previous assemblage 
of solid general principles leads to the only safe way in which 
conclusions may be formed. 82. Generalizations, however just, 
bear no intrinsic characters of truth* 83, 84. Details of phe* 
nomena are therefore required, to famish proofs of the truth 
of generalizations. 85. The state of our continents at their 
origin can be determined only by an investigation of the causes 
now operating, and of the changes already produced. 86. Con* 
elusions drawn by Dr. Hutton from this mode of inquiry* 
87* Mr. De Luc had formerly addressed four letters to Dr. 
ilutten on the subject of his theory. 88. These wrrc little no- 
ticed by that gentleman, and by Mr. PLayfair, probably because 
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Arjrihtefly contained generalizations of phenomena. 8J). Mr. 
ItaLuc's Letters to- Prof. Blumenbach, contain the exposition of 
the? whole of his system. 90. Acquiescence of Messrs. de Do- 
Ibmieu and de Saussure in bis opinions respecting the small an- 
tiquity of our continents. 91, 92. Little attention paid to his 
writings by Dr. Hutton and Mr. Playfair. 93. The above 
question must ultimately be decided by facts. 94. Mr. P,lay- 
fair*s opinion that the present line of our coasts, with their gulp/is 
and promontories^ has been formed by the action of the sea. 
95. The tendency of that action is, on the contrary, to fill up 
gulphs, and to destroy promontories, originally existing around 
our continents. 96- The fragments of rock which fall from the 
efijfs, being impelled against them by the waves, form in time 
an elevated beach at their foot : the action of the sea, therefore,- 
Could not have originally produced those cliffs, which, by this 
process, it tends to place beyond the reach of its waves. 97. Mr. 
Playfair's own description of the phenomena of low coasts proves 
that no action of the sea could have pfoduced clifls. The gain 
of the land on the coasts is not wholly at the expense of the 
higher grounds, but results, in a great measure, from the sand of 
the sea itself. 97- a. The cascades falling down into the princi- 
pal valley, and the semi-cones of rubbish formed tinder, them 
against its sides, disprove Mr. Playfair's assertion that none of 
the lateral vallits join it at cither too high or too fow a level. 
98, 99. Mr, Playfair infers the remote aatiquity of our conti- 
nents from successive platforms of alluvial land on the sides of 
vallies in which riven flow. 100. Such platforms do not con* 
-sist of alluvial land. 101. Alluvial land is disposed in horizon- 
tal strata, of which the lowest always contain the largest materi- 
als; but in these platforms, the strata are often inclined, and 
the gravel is most commonly above the sand. 102. Operations 
t>f rivers in hose soils. 103. Rivers, which traverse their owu 
alluvial land, run, in dry seasons, on a level lower than that 
of the adjacent grounds*. 104. Those which run always lower, 
either on both sides, or on one only, have cut their channels in 
original soils; hence result three distinct cases: 1st, Where their 
action has gradually cut through an eminence composed of loose 
materials, round which they have not been. able, to wind, 
105. 2dly, Where they have attacked and cut off a promontory 
in their way, forming it into an abrupt xlif, while they have 
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left a peculiar kind of alluvial land on the opposite side of their 
stream. 106. 3dly, Where their course has chanced to lie at 
the foot of an original cliff of loose materials; in which cast 
there is no. alluvial land on the opposite side. 10o\ a. In all 
these cases, the sections of the strata are shown on the banks, 
and may easily be distinguished from those of alluvial land* 
107. The dissimilarity of the strata on the opposite sides of 
rivers maintained in opposition to Mr. PI ay fair's assertion of 
thenr identity. 108. In what manner a lapidary would natu- 
rally reason, if informed of Mr. Play fair's comparison between 
the way in which a river had cut its course through a rock, and 
that in which he divides a block of marble with kis saxc. 109 

110. What conclusions a lapidary, thus led to meditate, would 
probably draw respecting the disorder prevalent in the strata. 

111, 112* Inconsistency of ascri bing the formation of loose strata 
to the rroersy and yet supposing those rivers to have sunk their 
beds in loose strata, when they first began to flow, 113, 

114. Huttonian opinions relative to ,the migration of stones. 

115. Lakes oppose a strong check to the system of the ivaste 
produced by running waters. 1 1 6 — 1 20. M r. Play fair's account 
of the process by which lakes have been filled up, and cataracts 
effaced. 121. He speaks of the lake of Geneva as forming an 
exception to other lakes. 122, 123. The law of changes applied 
in the Huttonian theory to an alternation of continents on this 
globe. 124. Mr. Playfair's first attempt to account for the lake 
of Geneva, by supposing an uncertainty with regard to its ori- 
ginal dimensions* 125. Those dimensions ascertained by a cir« 
cumstance mentioned by himself. 126, 127. The furrows on 
the side of Mont Saleve, supposed by M. de Saussure to be 
traces of a current , are really effects of the partial subsidences 
of separated masses of the strata. 128. Had the level of the 
lake ever stood as high as Mr* Play fair supposes, its dimensions 
would still have been too small tp contain the sediments of the 
Rhone and its tributary streams, if the vallies in which they flow 
had really been excavated by them. 129. The other phenomena 
of the tract of ground, which would then have formed its basin, 
disagree with Air. Playfair's own account of alluvial land. 
130. Mr. Playfair's second hypothesis of the production of tfeis 
lake by the. dissolution of a saline stratum. 131 — 134. How far 
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Mr. Play fair adheres to the rules of philosophical investigation^ 
trhich he particularly claims in this inquiry. 135— -137. No 
accurate judgment can be formed of the circumstances respect- 
ing the lake of Geneva, without a full consideration of that 
whole space, surrounded by mountains, of whiph it occupied 
only a part* Description, from M. de Saussure, of the defile 
pf L'Echtse. 138. Of Mont Sateve. 139. Remarks on it, 
140. Of Les Voiron*. 141. Jtemarks oq the difference between 
that mountain and Salevc. 142. The original horizontality of 
frtrata proved by the phenomenon of the breccias. 1 43 — 1 45. Of 
the Rocks of Meillerie, and the coast of the lake from Tour rondt 
to St. Gingough. 146, Of the rocks of St. TrypAon and Cham" 
pigny, the mountains on the left bank of the Rhone and thy 
lake, and the Val de Lie. 145. a. These descriptions clearly 
point out the true cause of the production of vatiies and of thb 
ctroities of lakes, since they show the parts whore fractures took 
place in the strata, and the different degrees of depression suf- 
fered by the separated masses. 146. a. The attention of geolo- 
gical observers ought to be particularly directed to these effects. 
147. Of the lakes of Jura. 148. Of the Dent de VauHon. 

149. Of the manner in which the above lakes are drained. 

150. Of Val-orbe. 151—157. Remarks and inferences. 158, Use 
of details concerning phenomena. M. de Saussure's description 
of the lakes of Neuchatel, Bienne^ and Morat. 159. Theso 
three lakes were formerly united. 160 Evident marks of de- 
gression in those spots. l6l. Remarkable situation of a consi- 
derable mass of marie. 162. The dipping of the strata Under 
the waters of the lakes points out where the masses sunk, by 
the 'depression of which those cavities were formed. 163. Of 
the lake pf Annccy. 164. Additional details respecting the 
mountains which surround it- J 65. Les Pomes. 166. Valley 
between that mountain and Salevc. M. de Saussure's descrip- 
tion of the Breton. i67» Of the valley of Faucigny, 168. A 
correspondence between salient and retreating angles is frequent 
in narrow tallies, which are commonly the effect pf a singU 
fracture; but not in large valfits, which are produced by twit 
fractures, with a depression of the intermediate part. M. de 
Saussnre's description of the Monts Vergi. 168. a. Of the 
JtfWic, and of the mountains which follow it. 169. Of thq 
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VallU du Reposoir. 170. Of the lake of Bourguet. 171. De- 
ductions from the foregoing descriptions, that the lake of Geneva 
forms no exception to other lakes ; that its cavity does not 
owe its production to any local cause, but to the same which 
produced all the basins of other lakes, and all v allies ; and that 
the effects of that cause are plainly visible in the surrounding. 
scenery. 173* That cause acknowledged by Mr. PI ay fair, un* 
connected as it is with his other hypotheses : his opinions re- 
specting partial elevations and depressions. 173. Concerning the 
phenomena of shifts in mines. 174, Concerning the angular 
motion of the strata, and the supposed existence of au expand- 
ing power, directed from the centre toward the circumference* 

174. a. The angular movements of the strata will afford a fair 
criterion of the two opposite theories of subsidence and elevation. 

175. The masses, which form our mountains, could not have un- 
dergone those motions, unless, by the subsidence of other masses, 
and the consequent production of rallies y spaces had been afforded 
them in which they could freely turn. 176*. Mr. PlayfairV 
statement of the Hut Ionian theory with respect to the expanding, 
power of heat. 177 \ 178. He considers as separately demon- 
strated the two propositions on which it rests; viz. the elevation, 
of our continents from the bottom of the sea, and the consolida* 
turn, by heat, of the mineral strata, 179* Examination of the 
probability of the existence of such a power, and of the mode 
of its action. 180. Mr. Play fair deduces its existence from the 
impossibility that any other power but that of fusion could have 
consolidated the materials of destroyed continents at the bottom 
of the sea. 181. The power of' fusion is not, how ever, a power 
of elevation; the intermediate idea of expansion is wanting. Not 
heat itself, but only an expansible fluid produced by heat, could 
have power, by its density, to elevate the mass of our continents; 
and no sooner should thaj mass be fractured, thau, the fluid 
would escape through the openings, and the mass would sink 
down again in ruins. 182. Mr. Play fair provides against this 
objection, by supposing the breaches and separations in the 
strata to be completelyJi7/W up by unst ratified minerals. 1 83. Ne- 
cessity of therefore examining whether these breaches are ac- 
tually filled up.' 184—186. Metallic veins considered with this 
view ; their contents shown to be stratified. 187* Little import* 

a 2 ance 



M 



, * 



XX 

ance of closing these passages, since the subsequent formation 
of caverns must hare supplied so many others for the escape of 
the expansible fluid. 188. Basaltes and whinstone, haying un«> 
dergone the same catastrophes as the other strata, cannot be 
considered as instruments in those very catastrophes. 189> 
190. The supposition that the materials for one set of continents 
are supplied by the waste of another, and carried down by running 
waters to the sea, is refuted by the impossibility that such sub- 
stances, necessarily intermingled confusedly with eachother, should 
in the sea, be separated according to their respective genera and 
species, and laid over its bed in distinct strata. 191. Proofs of 
the non-existence of a great internal heat of the globe, from the 
remains of marine animals found in our continents, and from the 
intermixture of loose with stony strata. 193. System of chemical 
precipitations. 194. Sinpe our mineral strata were certainly 
formed at the bottom of the ancient sea, their materials must 
either have proceeded from the lands which surrounded it, or 
have been separated from the liquid which composed it. Per* 
•mptory exclusion of the first of these propositions. 195. Esta- 
blishment of the second. 196. The elementary ingredients of the 
primordial liquid being now dispersed in combinations which are 
but imperfectly known to us, we cannot ascend to the primor- 
dial operations by specific affinities* 197. Impossibility of reoom- 
posing mineral substances with the coercible ingredients furnished 
Tby our analyses. 198. The greatest part of the ingredients, flow 
composing the known substances of our globe, were contained 
in the primordial liquid, and separated from it by successive pre- 
cipitations, produced by the ascent of new ingredients, and the 
escape of those expansible fluids by which our atmosphere was 
formed. 199* Dr. Hutton's exposition of his hypothesis re- 
specting the expansive power of heat. 200. He considers this 
power as exercised by an expansible fluid, which he calls fiery 
vapour. 201. He deduces the first proof of his theory from the . 
situation of volcanoes on the highest mountains. 202. The se- 
cond, from lavas found among the strata of the earth. 203. Ac- 
count of the elevation of the new island, near Santorini; 204, 
205. Want of analogy between this volcanic operation, and the 
supposed elevation of our mineral strata. 206 — 208. The sink- 
ing down of volcanic cones is an exemplification of the manner in 
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tvhicb our continents would haxcsunk, if their elevation had been 
• produced by expansible fluids, which must have escaped through 
fissures in their vault. 209, 210. Evident stability of the state 
in which depressed masses rest on the bottom of pre-existing ca- 
verns into which they had sunk, and impossibility of the suspen- 
sion of fractured continents over caverns formed by the very act 
©f their elevation. 211, 219, Indignation of Mr. Playfair 
against M. Dc Luc's theory, and explanation of the mistake by 
which it has been excited. 213. The Huttonian theory assumes 
the fusion of granite, in order that the consequent raising of 
this substance may appear to have Jilted up the interstices of the 
broken strata, and cemented the whole of the vault 214-, 
215. Process of volcanic eruptions, and impossibility of applying 
that process to melted granite. 21 6; Great importance of the 
question, whether granite is a product of fusion, or a result of 
chemical precipitations. 217* Mr. PI ay fair's singular inference 
from the crystals of granite, and misrepresentation of M. de 
Saussure's opinion respecting that substance. 218. M. de 
Saussure's real opinion shown from his works; 219- His de- 
scription of the Aiguille du Midi. 220. His acknowledgment 
of an error in his first account of it. 221. His demonstration 
of the stratification of granite. 222. Mr. De Luc's opinion on 
the subject decided by that demonstration. 223; Mr. Playfair 
supposes the extravasation of granite to have been prevented by 
the schistus, which formed an exterior crust. 224. Granite, 
while in a state of fusion, could not have obstructed the escape 
of the expansible fluids. 225. Phenomenon of the blocks of 
granite, and other stones, scattered over the surface in various 
parts of our continents. 226 — 229. The possibility of their 
•transportation by running waters, from mountains, whence they 
had been originally detached, opposed by Mr. De Luc, on ac- 
count of the interposition of mountainous ridges, over which 
they could not have been conveyed; but maintained by Mr* 
Playfair^ on the hypothesis that their migration had taken place, 
before vallies had been excavated j or mountains cut into their 
present form. 230. The operations supposed in this hypothesis 
could not have been executed in any timet however prolonged, 
unless means of action should also have been supplied. 231. No 
blocks of granite could have been detached from the supposed 
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convex mass of solid strata, at the summit only of which the 
granite had originally appeared. 232. Could blocks have been 
produced on such summits* no torrents could have been formed 
there to put them in motion. 233. The glaciers supposed by 
Mr. PI ay fair to have been powerful engines for the transporta- 
tion of blocks. 234. The only fragments accumulated on gla- 
ciers arc those detached from the steep sides of superincumbent 
rocks* 235. Mr. Play fair supposes that the waste of the soil 
Under the blocks may have been one cause of their migration* 
236 — 238. Phenomenon of rocking stones ; whence he considers 
an unequal decomposition of the surface of blocks as another pro- 
bable cause of their migration. 239* M. de Saussure's descrip- 
tion of the valley of Urseren. 240. Of the valley and lake of 
Oberalp. 241. Remarks on these descriptions. 242. They are 
opposed to the consequence deduced by Mr. Play fair from M. 
de Saussure's account of a mass of lapis ollaris in the valley of 
Urseren. 243. Mr. Play fair's objection to the introduction of 
extraordinary causes in geological disquisitions. 244. He con- 
aiders as such the debacle of M. de Saussure, but avoids men- 
tioning the deluge, as illustrated by Mr. De Luc. 245. No 
theory contains more extraordinary causes than Dr. Hutton's. 
24o\ M. de Saussure, by his debacle, intended only the retreat 
txf the sea from the new continents, which is a fact. 247* He 
ascribed, however, too much power to that retreat, and to early 
torrents. 248, 249. The principle that the force of running 
waters is the smallest at the most elevated point, which Mr. Play- 
fair adduces in proof that they have excavated the vailies, proves 
the contrary in the very valley which he takes as an example. 
250, 251. M. de Saussure's description of this valley, lying be- 
tween the Coide Ferret and the Col de Seigne. 252. Of the lak% 
of Combat. 253. Of the Glacier de Miage. 254. The small 
quantity of the stones deposited at the extremity of the glaciers 
is a proof that the accumulation cannot have been the work of 
many ages. 255. In deducing the origin of the blocks of gra- 
nite from granitic mountains, their genus only has been consi- 
dered ; whereas their species ought also to be examined. 256. The 
granite of the blocks is frequently very dissimilar from that of 
the nearest granitic mountains. 0,57* The same circumstance 
attends blocks of various other genera, Mr. Play&ir's suppo- 
sition 
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sition that the flints on the Blackdoun hills are the remains of 
decomposed limestone strata. 258, 25<J* Gravel of granulated 
quartz in sandstone near Birmingham, supposed by him to have 
been produced upon the continents since their birth. 360* 
56 1. The detailed examination of these hypotheses referred to> 
Air. De Luc's Travels. 262* Quantities of large blocks oigrth 
nutated quartz in some counties of England. 263. Mr. Playfair's 
persuasion of the proportion which prevails between the size of 
stones, and the vicinity of the mountains whence he supposes 
them to have proceeded. 264. Such a proportion would exist* 
were stones really derived from mountains ; but with respect to 
the scattered blocks and gravel, the fact is directly contrary. 

265. M. de Saussurc's description of the plain of Lombardy. 

266. Impossibility of supposing an uniform declivity from the 
central point of the Alps to that plain ever to have existed* 
267 • No vestiges are to be found of any track which could have 
been pursued by the blocks now scattered in various parts ojf 
Germany. 268. Blocks of granite found at the bottom of a be4 ' 
of fossile peat, under stony strata, in Mount Mesne r. 2t*S( f 
270. Large masses of calcareous stone, in a valley in HHdeshmn\ 
of a nature different from that of all the neighbouring calcareous 
mountains. 271* Phenomena of a similar kind in Ireland. 
272. Repetitions of catastrophes were continued in the parts 
which now constitute plains, much longer than in mountainous 
tracts. — Sandhills in the lower parts of Piedmont and Ijombardy 
contain marine shells and leaves of tries, which appear as if nearly 
recent. 273, 274. Mr. Playfair's opinion on the hill of Super* 
gue near Turin refuted from the situation of the strata which 
compose that hill. 275, 276. The freshness of the marine shells 
found in that and the neighbouring hills affords a sufficient 
proof that many ages cannot have elapsed since those count* 
tries were abandoned by the sea. 277* Distinction between 
the terreau, dr cultivated part of the loose soil, and the vege» 
table mould produced by the decomposition of vegetables t the 
accumulation of the latter on original soils forming a true 
chronometer. 278* The supposed migration of stones fully refuted 
by the facts which have been stated. 279- No theory entitled 
to confidence, which does not afford an explanation of the 
phenomenon of the scattered blocks. 279> «.— 38 1* The two 
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fival theories of elevation and of subsidence considered with ft 
yiew to that phenomenon. 282, 283. Necessity* in the former, 
of supposing the blocks to have travelled in some manner upon 
the surface; since their ejection from within by the expansible 
fluids, liberated in that very act, must have been immediately 
followed by the sinking of the raised continents. 284. In the 
theory of subsidence, the expansible fluids contained in the ca- 
verns must have increased so much in density from the enormous 
pressure exercised on them by the subsiding masses, as to have 
rushed out through the intervals of those masses with an irre- 
sistible impetuosity, throwing up to the surface whatever frag- 
ments they encountered in their way. 285. The lowest strata 
of the masses having suffered the greatest collision* their frag- 
ments are found on the Surface in the greatest abundance; those 
fragments varying in species, in a manner correspondent with 
what is known of the strata themselves., 286*. Importance of 
local lithologies, for the purpose of improving our acquaintance 
with the internal parts of our continents; 287. The conflict 
produced between the water making way into the caverns during 
the descent of the great masses, and the expansible fluids then 
rushing out, was a cause of the trituration and dispersion of the 
fragments on the bottom of the sea, far more powerful than any 
'action of water upon the continents. 288. Necessity of attend 
tlvely considering the subject in every part. 289* Mr. Playfak 
invited to farther discussion; 290. Review of the points 

ESTABLISHED BY THE PRECEDING INVESTIGATIONS. 291. 

Of the data respecting events previous to the birth of our con- 
tinents, contained in the foregoing conclusions. 292. The 
proofs of these propositions too much diversified to be de- 
tailed in this work. 293. They depend in part on experimental 
philosophy and chemistry: 294. And in part on the monuments 
remaining of the action of past causes, which monuments can- 
ixot be distinguished, without determining the state of our con- 
tinents at their birth. 295. The great geological questions conv 
nccted with the latter objects are brought forward generally in 
this work ; and their particular proofs will be given in Mr. De 
Luc's Travels. 296. Common successions of strata in the Alps. 
297- Their order different in different countries. 298. This 
subject requires to be farther illustrated by future observations. 
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299* AH our knowledge of the mineral strata is derived from 
their catastrophes, by which masses of the inferior strata have 
been raised up, and thus brought to sight. 300. General im* 
portance of the subject. 301. Introduction to an appendix, 
containing remarks on some of Sir James Hall's experiments, 
and Mr. Kirwan's Geological Essays* 



REMARKS ON SOME EXPERIMENTS OF SIR JAMES HALl, 

§ 302. These experiments have been considered as a confirms* 
t^on of Dr. Hutton's hypothesis respecting the Jixcd air in the 
calcareous strata, which he supposed to have been prevented by 
the pressure of the ocean from escaping, when subjected to a cot* 
sedating heat. 303-^-306. Short account of those experiments.- 
30f, 308. Analogy between them, and some which have been 
made on aqueous vapour, in supposed opposition to Mr. De Luc's 
theory of evaporation, 309, 310. Mr. De Luc's reply to the 
latter. 311. Application of that reply to Sir J. Hall's experi- 
ments; showing the difference between the resistance of a solid, 
which in them was opposed to the production of the fixed air, 
and the pressure of the ocean, which that fluid would be able to 
pervade with the same facility, with which /iqueous vapour per- 
vades the atmosphere. 312. Could the inference drawn fcom 
these experiments be maintained, it would really be fatal to Dr. 
Mutton's theory ; since it would prove that the expansible' Jiuid, 
supposed, in that theory, to have elevated the whole mass of 
strata, could never have been formed under the pressure of that 
mass, in addition to that of the ocean. 
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REMARKS ON MR. KIRWAlt's GEOLOGICAL ESSAYS. 

§313. Mr. Kirwanfc object, as well as Mr. De Luc's, is to 
support the authority of Genesis, by confuting the systems in' 
opposition to it. 314. Mr. Kirwan, though eminent in chemis- 
try and mineralogy, has himself but little examined the various 
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phenomena of the earth, and has placed too great confidence in 
the descriptions of inaccurate observers. 315. His system is 
founded on his persuasion that our present continents are the 
tame with those on which the deluge took place ; but Mr, Da 
Luc's is. founded on the study of geological monuments, which 
evidently show that our continents formed the bed of the 
sea, till they became dry land in consequence of the revolution 
which produced the deluge. 316. Both set out from the period 
when the globe was encompassed by a liquid; the precipitations 
from which are supposed by Mr. De Luc to have been at first 
disposed in strata; but by Mr. Kirwan to have immediately 
formed the primitive mountains. 317 '• Both suppose the quan- 
tity of the liquid to have diminished on the surface ; but Mr, 
Kirwan believes that the caverns into which it sunk had been 
produced by preceding volcanoes, and that, during the same pe» 
hod, secondary mountains were formed of materials detached 
from the primitive. 318. Impossibility that those who had ex* 
amined these mountains could ascribe to them such a formation*. 
3?19, 320. Circumstances by which M. de Saussurc was led to 
determine that the strata, which compose mountains, had at 
first been formed in a horizontal situation. 321. Mr. Kirwan 
agrees with Mr. de Luc that the deluge was produced by the 
waters of the sea* 322.- The deluge was unquestionably a mira- 
culous event; but the effects of whatever cause immediately pro- 
duced it must have been consistent with the ordinary course of 
nature, and with the present appearance of the earth's surface. 

323. Mr. De Luc's system shown to Conform to these conditions. 

324. In Mr. Kirwan's, the waters of the deluge are supposed to 
have proceeded from the southern ocean, to have rushed north* 
yards, covering the tops of the highest mountains, and then to 
have returned with equal impetuosity, and passed again into the 
interior of the globe. 325. He ascribes the ruinous aspect of 
hills and mountains to this violent attaqk of the sea, though so 
evidently produced by catastrophes of a different kind; and he 
supposes the remains found in the northern hemisphere of animals, 
which now live only in the southern, to be a proof of a sudden 
motion of the sea from south to north. This affords no means of 
accounting for the fossil remains of marine, animals, which now 
no longer exist in any sea, and are found chiefly in the stony 
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strata. Impossibility that the bodies of the larger quadruped) 
could have floated over chains of mountains. 326. Mr. Kirwau 
ascribes to the deluge those vast accumulations of shells, which 
are found in loose soils. Description of the circumstances at- 
tending such accumulations: the deductions from them shown 
to be directly subversive of his hypothesis. 327- The effect* of 
sudden percussion, and of the residence of a liquid mass pn 
frolid substances, require to be determined, before the outlines 
of our continents can be ascribed to the operations of the dc- 
Jugc, as supposed by Mr. fcrwan. 328. No precise objections 
adduced by Mr. Kirwau against Mr. De Lup's theory. 329 . The 
conclusions drawn in the present volume from general phenomena 
tnight suffice for the establishment of fixed and permanent bases 
in geology. 350. But, in order to command conviction, ma*y 
precise facts, of every class to which these phenomena belong, 
must be detailed. 331. Such details will shortly be given jp 
$Jr. £}e ^uc's Travels. 
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Page 11, ... 4 fr. the bottom, for chimera] read chimerical 
18, line 2 from the bottom, for conjesta read congesta 
91, ... 10 fr. the, bottom, for ground read globe 
S6 t ... 2, for phenomena read phenomenon 

103, bottom line, for as read at first 

112, line 4 fr. the bottom, for disposition read deposition 

$01, dele the inverted commas before the 

243, 1. 4, for takes read take 

266, 1. 7i for water-trucks read water-tracks 

273, 1. 16, for remain read remains. 
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1. OF all the sciences, the most extensive and th» 
most complex is that which was termed Geology, 
long before it was entitled to the name. This appel- 
lation was thus prematurely bestowed on the science, 
in consequence of the inconsiderate haste against 
which the immortal Bacon repeatedly cautioned those 
who devoted themselves to the study of nature. The 
mind is at all times so eager to draw inferences, that 
it will not stop to collect all the data necessary for 
deducing legitimate conclusions, respecting the objects 
on which it is employed, but is not unfrequently rash 
in proportion to the importance of the subject, while 
this very circumstance ought to preclude all precipi- 
tate decisions. Hence arises a considerable obstruc- 
tion to the real advancement of science, the pro- 
gress of which is much less retarded by ignorance 
than by error. 

2. No sooner had physical inquiries been so far 
pursued as to lead* to the observation of phenomena, 
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which indicated a series of past effects, than causes 
were assigned to them from every quarter. This 
gave birth to a variety of Histories of the Globe, of 

TheoQe^J^.^ajJh^ ^^JfS^MJMy from 
each other as the fancies of their respective inventors, 
or as the particular phenomena which, had led them 
to some general conclusion. 



3. Yet if there be a seience* 4ft which advances 
ought to have been made with that scrupulous cau- 
tion so judiciously recommended by the great master 
to whom I have just alluded, it is geology; — for the 

3^~-jfe:*S t -m-&&J [ F ascertained jto Jiave 
^H^ ei ^?^ -IS^JH? \?^°^HPP S > sortie of .these may 
S ve i^9i^^ ^m ft n race, 'and on t^em may 
^peryl ; the solution of ,the Jgjestion, Wfet is J$qn ? 

£. It j2 p ,h$ice only that I shall jRepjWt fiiyself to 
jmake an observation pn this subject, in o^er to point 
.out its importance; and this it is ipcu^be^t on me 
Jtp do, ,to the fiijd thfA tk$y, y^ose pFe^jpit^t^pn t ha/ve 
ilained, ^nay be mpre upon ,tfyeir gu«$d, ,w^le thpy 
follow me in the path which I shall pursue, Qeojpjgy 
was useless to men in a moral view, previously to 
-the appearance jpf • l thofie ni^nerpus .systgnps, wfeich 

the 



the Jews, the Christians, ami the Mahometans, the 
tbqok of Genesis presented the history of the earth, 
.and of mankind > and if the Pagans were net favoured 
-with such direetmeans of information, the grand Out- 
line of their mythologies bore so striking a re$em~ 
blance to the Mosaic records, that it was impossible 
not to acknowledge them to be, in common with tBfr 
other nations, the. descendants of Noah; a circum- 
stance which strongly confirmed the authority of 
Genesis to those who were so fortunate as to possess 
that exact history of the origin of the human race, 
and of the principal events which have befallen it. 

5. No essential information, therefore, upon this 
subject, was wanting to men ; nor indeed can it be 
conceived that such knowledge sliould have been 
withheld from them, if they be considered only as 
national and moral, creatures of a God infinitely wise 
and good ; for such a Being could not have suffered 
them to remain ignorant of his existence, and of the 
relations which they bore to Him. This reflection 
alone enabled the Theist to repel the arguments of a 
few sceptics against the reality of a revelation from 
God to man. 

6. But a complete change was made in this state 
of things by geology. All those, who have formed 
geological systems, have endeavoured to rest them 
upon facts, which relate to the history of the earth. 
This has called back the attention of men to that his- 
tofy, as it is contained in Genesis, and consequently 
•to feat of the humap race, with which it is connected; 
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c.and itwas soort inferred, that, if geology were contrary 

to- Genesis, the latter must be fabulous. All attempts 

to elude so evident a conclusion would prove vain; 

. and it must of necessity be admitted, that if geo- 

.logy, a science founded on facts, and on strictly 

-logical deductions, having attained all the characters 

yjpf truth, were in reality found to be in opposition to 

. what Genesis* relates of those physical events of the 

, earth, which are intimately connected with the human 

; race, the history of the latter would become vague 

And uncertain. • This is a consideration which I offer 

to those, whose profession it is to teach and defend 

revealed religion. The weapons by which it has 

been attacked have been changed, and our modes of 

defence must be adapted to the artps of its assailants. 

They now attack it by gpology * T whieh therefore 

becomes a science as essential to theologians, as the 

study of the learned languages, or of those anciei^ 

arguments> which are already much neglected in the 

present times, and which must henceforth derive 

their chief support from the very science, through the 

ritedium of which, under the pretence of an appeal 

to facts, it is attempted to set them aside. 

7. In proportion, therefore, to the influence which 
geological systems- will necessarily have, must be 
the caution observed by the friends of mankind in 
their inquiries respecting this great object. No ge- 
neral inference, indeed, drawn from the physical sci- 
ences, could be more important to men than that in 
which Genesis was involved; for to. consider that 
book as fabulous was tp plupge them into a final 
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uncertainty, with regard to what it most concerned *' 
them to know, viz. their origin, their duties, arid 
their destination : H was sapping the very foundation * 
on which the great edifice of society has always 
rested: it was, in short, abandoning men to tlieta*-" 
selves; and those must have been little acquainted^ 
with them, who did not foresee the fatal consequences * 
which would inevitably ensue. 

9 

8. Now the naturalists, who first published geo- ' • 
logical systems contrary to. Genesis, were guilty of 
this want of consideration ; for time has pronounced *' 
sentence on them; all these systems have already r 
fallen, in consequence of the increase of knowledge ; - 
and thus is become obvious the imprudence of their • 
attack on that, which a sublime tradition had esta- 
blished among men. Impelled by the love of fame, 
and solicitous for reputation, they lost sight of that 
future state, which constituted the chief value of 
their own existence, and were wholly inattentive to 
the rest of mankind. This is the most favourable • 
interpretation of the conduct of those who have mrt*--* 
nifested, and still continue to manifest, such levity 
$md imprudence in their geological pursuits.- < 

9. I shall not apologize for those, who," without * 
possessing a greater share of information, have : 
treated the same subject with a view !tff defendiag-n 
Genesis. For this premature undertakings Ms likaPT 
wise produced various chimerical systems; and tfie&r ^ 
authors did not consider that, as the sdeftCe* of Which - ; 
they ventured to treat, wasof vast extent, they could > 
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not flatter themselves that their researches had been 
sufficiently deep, to guard them against the danger of 
being contradicted by, new facts, and of thus injuring 
the cause, which it was their object to defend: And 
so, in reality* it Ms happened ; for the adversaries 
of j: Genesis, ; by overthrowing those - gro'unfeiless sys* 
terns, imagined that they triumphed ovter Genesis 
itself. While geology, therefore, was in itfc infancy, 
philosophers should have contented themselves with 
pointing , put the errbrs t>f the anti-mosaical systems, 
fcqr ; >vhich the state of the physical sciences was suf- 
figieintly ( advanced >to have readily furnished them 
with the means ; and they sbould not have hazarded 
theorieff, ,befpi*e they had taken every requisite pre* 
caption, to fix them upon an immoveable foundation. 






t iP*:"J: shall f no longer dwell upon the conneacti6n 
si^sistii^.betweeh gelology and Genesis; a connec- 
tion whiob J hfcve pointed out in other works. In 
adverting to itin this place, I have been influenced 
by * no othefi motive, than the obligation to set forth 
the importance of the subject; ahd I sodicit the 
attention, not only of those who thfemseives endea- 
vour to fQFBd systems, hit >ofthit more numero lis 
class, consisting of those who read them, and wiih 
to forirf fixed opinions. Thfe-ifc not merely oife of 
these $ubjecU , pf natural history,* or natural philoso- 
phy^; iR;rega£4 \D,yf\$£h it; would 'be of little conse- 
qufi^ce ; tp;miHPjkhid, ^whether erroneous theories were" 
foraged pr, adopted : a most important moral object 
is Combined with it, by the indissoluble connection 
which ^b^^ between thi history of the human race, 
and that of the earth ; an object, which ought to be 

always 
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always kept in, view, as well ; bfr those, whd, not pur- 
suing the road which alone can lead to truth, may: 
betray mankind into fatal error, as by those; who, 
not paving qualified themselves by previous stuc^y to 
ju<lge. of these systems, embrace hypotheses from 
mere appearances. I more particularly request , the 
latter to suspend their judgment m regard to geology,. . 
until they shall have bestowed upon it sufficient, .time.* 
to enable themselves to became at least acquainted 
with its extent; and I as earnestly entreat those, 
who have formed or adapted systems which I shall 
hereafter combat, to follow me with caution in the 
path which I shall tread, while I establish some fun* 
damental points in geology ; to do which will hence- 
forth be my only object. 
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1 1 . It will be proper in this place, to mention a i 
theory, to which I'shal^ frequently have occasion to* 
advert in the course of my discussions. Mr. John.. 
Playfair, Member of tfye^oyal Society of . E<%- , 
burgh, and Mathematical Professor, in that Univer-: 
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sity, after the decease of his friend Dr. Hutton, ub-. 
dertook the defence of. his Geological Theory, and 
republished it at Edinburgh, i^ttje year 1805, under., 
the title of Illustrations of th$ Huttonian Theory of 
the Earth. This is one of the latest and most me- 
thodical works on geology ; written *by a man pos- 
sessed of considerable talents ; who sets out from 
general data no less true than they are important >, 
who appears invariably to proceed with the incest 
guarded caution, and knows how to diffuse a peculiar 
interest upon the discussion of scientific subjects. 

In 



* 



In order to give sqme general idea of the subject of 
thi£ wdri£ which I shall have principally in view, X 
shrill begin by transcribing the Advertisement. 

** The Treatise h&re offered to the public, was 
" dfiwn up with a view of explaining Dr. Hutton's 
(cJt thBorj^Cf the Earth in a manner more popular 
"< ahd perspicuous than is done in his own writings, 
" The obscurity of these has often been complained 
"of; and thence, no doubt, U has ariseti that sq 
"'little attention has been paid to the ingenious and 
""'original speculations whiGh they contain. 
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The simplest way of accomplishing the object 
"" proposed, seemed to be, to present a general out* 
"line of the system, in one' continued Discourse? 
" and to introduce afterwards, in the form of notes, 
" what farther elucidation apy particular subject 
^Ws thought to demand. Through the whole, \ 
41 have aimed at little more than a clear exposition 
" Of f&ctb, and a plain deduction of the conclusions 
"grounded on them ; nor shall I claim any merit 
" ii> myself, if, in the order which X have found it 
"'necessary to adopt, some arguments may have 
" taken ^ new form, and some additions may have 
li been madq to a system naturally rich in the num-. 
" ber and variety of its illustrations. 

44 Of the qualifications which this undertaking 
44 requires, there is one that I may safely suppose 
*' myself to possess. Having been instructed by 
M Dr. Hutton himself in his Theory of the Earth ; 

" Jiaving 
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" having lived in intimate friendship with that ex- 
" cellent man for several years, and almost in the 
" daily*habit of discussing the questions here treated 
of; I have had the best opportunity of under-, 
standing his views, and becoming acquainted with 
his peculiarities, whether of expression, or of 
thought, In the other qualifications necessary 
u for the illustration of a system so extensive and. 
€i various, I am abundantly sensible of my defi* 
u ciency, and shall therefore, with great deference^ 
" and considerable anxiety, wait that decision from 
" which there is no appeal." 

12. By such a decision ought to be understood 
that of facts ; and I shall adduce no other arguments . 
upon the objects in regard to which I do not acqui- 
esce ip the theory which Mr. Playfair has attempted 
to defend. From the time that this theory first; 
appeared, I bestowed upon it all the attention, which 
the genius of the author so justly claimed, and to 
which his politeness in sending me a copy of itf 
on its publication in the Philosophical Transactions 
of the Royal Society of Edinburgh, was entitled, 
I saw him gradually drawn into the adoption of a 
general system, in consequence of some mineralo- 
gical details, on which his imagination had strongly 
dwelt, without having sufficiently noticed a number 
of important phenomena exhibited on the surface of 
the earth. His field of observation was confined to 
the island of Great Britain, and more particularly to 
{Scotland, where every thing appeared to him to con- 
firm 

. % 
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c and it was sooxi inferred, that, if geology were contrary 
to Genesis, the latter must be fabulous. All attempts 
to elude so evident a conclusion would prove vain ; 
and it must of necessity be admitted, that if geo- 

.logy, a science founded on facts, and on strictly 
logical deductions, having attained all the characters 

jgpf truth, were in realky found to be in opposition to 
what Genesis relates of those physical events of the 

, earth, which are intimately connected with the human 
race, the history of the latter would become vague 
and uncertain. • This is a consideration which I offer 
to those, whose profession it is to teach and defend 
revealed religion. The weapons by which it has 
been attacked have been changed, and our modes of 
defence must be adapted to the arms of ks assailants. 
They now attack it by gpology m T whieh therefore 
becomes a science as essential to theologians, as the 
study of the learned languages, or of those anciei^ 
arguments> which are already much neglected in the 
present times, and which must henceforth derive 
their chief support from the very science, through the 
riteduim of which, under the pretence of an appeal 
to facts, it is attempted to set them aside. 

7. In proportion, therefore, to the influence which 
geological systems- will necessarily have, must be 
the caution observed by the friends of mankind in 
their inquiries respecting this great object. No ge- 
neral inference, indeed, drawn from the physical sci- 
ences, could be more important to men than that in 
which Genesis was involved; for to consider that 
book as fabulous was tp plupge them into a final 

. * • w§er- 



uncertainty, with regard to what it most concerned - 
them to biow, viz. their origin, their duties, arid 
their destination : H was sapping the very foundation "• 
on which the great edifice of society has always 
rested: it was, in short, alwidoning men to tlietii^ 
selves ; and those must have been little • acquainted- v 
with them, who did not foresee the fatal consequences 
which would inevitably ensue. 

8. Now the naturalists, who first published geo- : 
logical systems contrary to. Genesis, were guilty of 
this want of consideration ; for time has pronounced : 
sentence on them ; all these systems have already .' 
fallen, in consequence of the increase of knowledge ; ' 
and thus is become obvious the imprudence of their - 
attack on that, which a sublime tradition had esta- 
blished among men. Impelled by the love of fame, 
and solicitous for reputation, they lost sight of that 
future state, which constituted the chief value of 
their own existence, and were wholly inattentive to 
the rest of mankind. This is the most favourable 
interpretation of the conduct of those who have ma- - % 
nifested, and still continue to manifest, such levity 
luod imprudence in their geological pursuits.- < 

9. I shall not apologize for those, who," without " 
possessing a greater share of information, have 
treated the same subject with a view tff defending 'A 
Genesis. For this premature undertaking* h&s lilw^T 
wise produced various chimerical systems j and tJieir ^ 
authors did not consider that, as the scieftCe- of which " : 
they ventured to treat, was of vast exteiit, 'they could * 
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not flatter themselves that their researches had been 
sufficiently deep, to guard them against the danger of 
being contradicted by new facts, and of thus injdxirig 
the cause, which it was their object to defend. And 
so, in reality* it hte happened ; for the adversaries 
off. Genesis, by overthrowing those - groundless sys* 
terns, imagined that they triumphed ovfer Genesis 
itself. While geology, therefore, was in its infancy, 
philosophers should have contented themselves with 
pointing put the errbrs of the &nti-mosaical systems, 
fcqr, jwhich the state Of the physical sciences was suf- 
^giwtly? advanced : to have readily furnished them 
with the means ; and they should not have hazarded 
theories, befqtfe they had talken every requisite pre* 
caption to fix them upon an immoveable foundation. 
* ■ ■ 

t iO f . I: shall 'no longer dwell upon the connection 
si^sistingvb$tweeh gelology and Genesis ; a connec- 
tion whiqh J hfcye pointed out in other works. In 
adverting to it in this place* I haye been influenced 
by ■ rio : otheft motive* than the obligation to set forth 
the importance of the subject; ahd I solicit the 
attention, not only of those who thfemselves endea- 
vour to fQrift systems, hit of thit more numerous 
class, consisting of those who read them, and wifh 
to foriri fixed opinions. This ib not merely oife of 
these $ubj$ci> s pf natural hkto5ry,» or natural philoso- 
phy^ift regard \o ,^Wch itz/wrmld^be of little conse- 
qufi^ce to 'm^pikhid, whether erroneous theories were 
forced or. adopted : a most important moral object 
is Combined with it, by tite indissoluble connection 
which ^bs^rt^ between thi history of the human race, 
and that of the earth ; an object, which ought to be 

always 



always kept in view, as well.by those, who, not pur- 
suing the road which alone can lead .to truth, may- 
betray mankind into fatal error, as by those, .who, 
not having qualified themselves by previous study to 
judge, of these systems, embrace hypotheses from 
mere appearances. I more particularly request the 
latter tosuapendtheirjudgment in regard to geology,.. 
until they shall have bestowed upon it siifficienl..time., 
to enable themselves to become at. leas^i acquainted 
with its extent; and I as earnestly entreaty those, 
who have formed or adopted systems which I shall 
hereafter combat, to follow me with caution in the 
path which I shall tread, while I establish some fun- 
damental points in geology ; to do which will hence* 
forth be my only object. 

1 1. It will be proper^ in this place, to mention a : 
theory, to which I shall frequently have occasion ta 
advert in the course of my discussions. ^Mr. John.. 
Playfair, Member of the Royal Society of ,Eitin--. 
burgh, and Mathematical Professor in fhat Univer-: 
sity, after the decease of his friend Dr. Hu.TTON, un-. 
dertook the defence of his Geological Theory, and 
republished it at Edinburgh, in tlje year 1 802, under . 
the title' of Illustrations of the Huttonum Theory of 
the Earth. This is one of the latest and moat me- 
thodical works on geology; written *by a man pos- 
sessed of considerable talents ; who sets out from 
general data no less true than they are important >. 
who appears invariably to proceed with the most, 
guarded caution, and knows how to diffuse a peculiar 
interest upon the 'discussion of scientific subjects. 

In 



In order to give some general fde& of the subject of 
this work, which I shall have principally in view, J 
shall begin by transcribing the Advertisement, 

*'* The Treatise here offered to the public, was 
" d&wn up with a view of explaining Dr. Hutton's 
" L TfceorjH of the Earth in a manner more popular 
"< aiid perspicuous than is done in his own writings, 
" The obscurity of these has often been complained 
"of; and thence, no doubt, it has ariseti that sq 
"'little attention has been paid to the ingenious and 
"'original speculations whiGh they contaiq, 

" " The simplest w^y of accomplishing the object 
" proposed, seemed to be, to present a general out-* 
"line of the system, in one' continued Discourse j 
" and to introduce afterwards, in the form of notes, 
" what farther elucidation apy particular subject 
u - Was thought to demand. Through the whole, X 
41 have aimed at little more than a clear exposition 
"of facte, and a plain deduction of the conclusions 
" grounded on them ; nor shall I claim any merit 
" to myself, i£ in the order which 1 have found it 
"'necessary to adopt, some arguments may have 
" taken ^ new form, and some additions may have 
*' been made to a system naturally rich in the num-. 
"' ber and variety of its illustrations. 

« • 

44 Of the qualifications which this undertaking 
44 requires, there is one that I may safely suppose 
14 myself to possess. Having been instructed by 
44 Dr. Hutton himself in his Theory of the Earth ; 
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" having lived in intimate friendship with that ex- 
" cellent man for several years, and almost in the 
u daily*habit of discussing the questions here treated 
of; I have had the best opportunity of under-. \ 
standing his views, and becoming acquainted with 
his peculiarities, whether of expression, or of 
thought, In the other qualifications necessary 
u for the illustration of a system so extensive and. 
€i various, I am abundantly sensible of my defi* 
u ciency, and shall therefore, with great deference^ 
" and considerable anxiety, wait that decision from 
" which* there is no appeal." 

12. By such a decision ought to be understood 
that of facts ; and I shall adduce no other arguments . 
upon the objects in regard to which I do not acqui- 
esce ip the theory which Mr. Playfair has attempted 
to defend. From the time that this theory first; 
appeared, I bestowed upon it all the attention, which 
the genius of the author so justly claimed, and to 
which his politeness in sending me a copy of it* 
on its publication in the Philosophical Transactions 
of the Royal Society of Edinburgh, was entitled, 
I saw him gradually drawn into the adoption of a 
general system, in consequence of some mineralo- 
gical details, on which his imagination had strongly 
dwelt, without having sufficiently noticed a number 
of important phenomena exhibited on the surface of 
the earth. His field of observation was confined to 
the island of Great Britain, and more particularly to 
Scotland, where every thing appeared to him to con- 
firm 
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firm J his preconceived opinions ; ' "but the ideas to . 
which particular geological objects really lead^ can 
b£ understood only' when they have been viewed 
under a variety of aspects^ and in different comblija- . 
tiOns ; aii'd this renders it necessary to .observe them 
in" "a great number* of different countries. I consi- . 
d*ed Dr. Hattoifs hypothesis as entitled to a regu- 
laf examination on l my part, accompanied by the 
results of my numerous observations; and I wrote, 
to* him four successive letters," which* were inserted 
ii^'the Monthly ItHitw for lfdd and' \79V. "Se , 
published in 1795 a new* exposition of his Theory, 
in two volumes; in tnis work he dwelt but little 
updn the subject of my letters, probably because 
thfe 1 fa'tts which I submitted to hini J Were ; in the 
form of generalization only ; he principally reverted 
to* my first geological work, Lettrcs sur rUidoire 
d€ la! Terr e et de I'liomme, written at a period when' 
Gsfeefrfi&l information was yet wanting on many parts 
of" thi^ subject, with which, however, succqeifing 
ye&rs had furnished me when I wrote to him.' 

1 3. Mr. Play fair, who has' followed ' his' friend in 
th6 ekjpoisition of his theory, has given a Very clear 
viSw-of "the great extent of knowledge which' that 
important subject requires ; arid as this is 1 a point 
necessary to be established, I shall first present a 
general idea of 1 it ' in Mr. Playfair's own words. 
After having pointed out unequivocalmarks of the 
great revolutions which the surface of the globe has 
undergone, he thus proceeds, p. 2. 

« To 
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" To trace the series of these revolutions, to ex- 
plain their causes, and thui to connect together 
all the indications of change that are found in the 
" mineral kingdom, is the proper object of a theory 
« of theeaith. Bfct though the attention of men 
< c may be turned tbtbe theory of the earth by a very 
" superficial acquaintance with the phenomena of 
H geology, the formation of such a tneofy requires 
" an accurate and extensive examination of those* 
" phenomena; and is inconsistent with any but a 
" very advanced state of the physical sciences. 
" Thire is, perhaps, in those science^, no research 
#< more arduous than this ; none certainly where the 
u subject is so complex, where the appearances are- 
u so extremely diversified, or so widely scattered, 
f € and where the causes that have operated ate so 
u remote from the sphere of ordinary observation. 
il Henteethei attempts to form a theoty of the earth 1 
lc are of very modem origin ; and as, from the sim- 
" plidty of its subject, astronomy is the eldest, so, * 
41 cm account of the completeness of its subject, 
" geology is the youngest of the sciences." 

14: These observations? are very just, inasmuch as' 
they pohtt out the ^ast field which was to be explored, 
before a theory of the earth could be established upon 
asolidbakis. Is it surprising, therefore, that they, 
who had so hastily engaged in such pursuits, should 
have produced the most groundless and chimeral ' 
systems ? One of the great inconveniences, which, in 
the conflict of' theories thus hazarded, has' resulted 
from precipitation, is the opinion entertained by 

many 
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many $hat these researches, are yam; that it is im- 
possible to trace back the present. state of the earth 
to the causes whiph produced that state ; and that 
philosophers should confine, themselves to the inves- 
tigation of those which are actually operating. This 
opinion, which deprives geology 5 of the assistance of 
several men f^U qualified to facilitate its progress, 
prejudices against those results of the. science, which 
a^e already clearly appertained, m^ny others, to whom 
they wpuld bp necessary to settle their ideas respect* 
ing the history of mankind* I shall again employ 
Mr- Playfair's expressions, at § 445 6f his work, in 
order to describe this scepticism with regard tp 

gpplpgy. 
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ft Among the prejudices which a rtew theory of* 
" the earth has to overcome, is an opinion held, or" 
" effected to be held, by many, that geological sci-* ' 
". ence is not yet ripe for such. elevated and difficult * 
speculations. They would, therefore, get. rid of 1 
these speculations, by mooing the previous ques-'* 
" tiofij and declaring that at present we ought to. have ° 
" no tlieory at all. We are not yet, they alledge, 
(sufficiently acquainted with 'the phenomeha of 
geology ; the subject is so various and extensive, 
" that our knowledge of it must, for a long time, per- , 
" haps for ever, remain extremely imperfect. And 
" hence it is, that the theories hitherto proposed have 
" succeeded one another with so great rapidity, hardly 
" any of them having been able to last longer than 
" the discovery of a new fact, or a fact unknown when . 
" it was invented. It has proved insufficient to con* 
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,f nect this fact with the phenomena already knoHrft, 
" and has tlierefore been justly abandoned. In this 
" manner, they say, have passed away the theories of 
" Woodward, Burnet, Whiston, and even of Buffon ; 
" and so will pass, irt their turn, those of Hntton and 
" Werner." He does not add that of De Luc, but 
others have done so upon the same grounds. 

15. Some valuable remarks are contained in the 
argument* which Mr. Playfair adduces in opposition 
to this prejudice, and motives for hope are suggested 
by him, which indicate great penetration : I shaft 
therefore again use his own words for expressing these 
motives. But, among the means which he points 
out to ensure success, I shall notice one, as it occurs 
in the course of the quotation, which will hereafter 
become- an important subject of discussion. 

" This unfavourable view of geology, n he conti- 
nues, " ought not, however, to be received without 
u examination ; in science, presumptton is less hurt* 
;< ful than despair, and inactivity is more dangerous 
" than eiror. One reason of the rapid succession 
" of geological theories, is 1 the mistake that has been 
". made as to their object, and the folly of attempting 
" to explain by them thejirst origin of things. This 
" mistake has led to fanciful speculations, that had 
" nothing but their novelty to recommend them, and 
" which, when that charm hjad ceased, were rejected 
" as mere suppositions, incapable of proof. But if 
" it is once settled that a theory of the earth ought 
" to have no other aim than to discover the Ums that 

" regulate. 







" regulate tjhe fiJuwgJt*>ffl 4fa AWrffSe* orwMe in- 
" terior of tlie gl$e> :tl}AS#lygct js . fccougbt ..within 
" the sphere either qf pfefory^op, qr ajiajogy ; and 
there is no reason tp j§uppp$e;li»t f inan, .who has 
numbered .the stars, i aijbd jrcae^sursd their forces, 
*' shall ultipifliety ; prove up$qu$L to this investiga- 
" tion." 

1 6. This is Hie means of.&ucoe$s,.in regard to which 
J differ,from Mr.;Plajfafr : fce yroujd lay down, as a 
(fixed pojnt in geology, the Y6ry ; p vt of his friend's 
itheory, to which is probably owing, the little attention 
.which has, as he complains, bosn paid to it; namely, 
.that nothing is to, be the object of investigation in the 
history of the eartji, but the laws that regulate the 
changes of its. surface ; excluding thus, every inquiry 
respecting a primordial constitution of the .earth, 
whence these changes might follow. It is not from 
its obscurity, as Mr. Playfair imagines, that his friend's 
theory has not attracted piuch attention, since it is 
.not difficult to be understood ; but its nature,. which 
I shall hereafter discuss. I shall at present, there- 
fore, confine myself tpn^otiginga^mistake, which he 
( has himself committed in respect to other theories. 
J am acquainted with no geological system worthy 
of regard, attempting to explain the first origin of 
things, which in truth would be a folly. But, by 
tracipg with the necessary attention the characters 
of geological monuments, a succession is clearly 
discernible, by means of which I believe, it possible 
to go back to some epoch, at which none of them did 
A* ^et«u&t, aod to determine .what was then theatate 
- of 






■i ii 

r 

_of things upon .ourglobp, and what arc the causes 
from which : its actual £tate has proceeded. For tjjc 
present, I shall content ujyself with thus noticing 
those, objects qf discussion, of which hereafter IsIihU 
treat at large ; and I now return to the arguments 
of Mr. Playfair against scepticism in geology, ip 
which w r e fully agree. 

* • ■ 

" .Again," he says, " theories that have a rational 
," object, though they be false or imperfect m their 
principles, are for the most part approximations 

to the truth, suited to tlie information at the 

• • • . • . ■ .* 

*. time when they were proposed. They are steps, 
" therefore, in the advancement of knowledge, and 
" are terms of a series that must end when the real 
" lg.ws of- nature are discovered. It is, qn .this 
. rt 4j$° unt 7 raah to conclude, that, in the revolutions 
u pf^sciencc, what has happened must continue to 
u happen, and because systems have changed rapidly 
11 in time past, that they must necessarily do so iii 
u time to come. 

" He who would have reasoned so, and who had 
u seen the ancient physical systems, at first all rivals 
" to one another, and then swallowed up by the 
" Aristotelian ; the Aristotelian physics giving way 
" to ..those of Des Cartes, and the physics of Des 
" Cayfes .to .those of Newton ; would have predicted 
" tlj^t these last were also, in their turn, to give # 
" place \o the philosQphy of some later period. 
" This isj however, a conclusion that hardly any or^e 
" will now be hold enough to maintain, after a hun- 
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ei dred years of the most scrupulous examination 

" have done nothing but add to the evidence of the 

Newtonian system. It seems certain, therefore, 

that the rise and fall of theories in times past, does 

not argue that the same will happen in the time 

" that is to come. 

" The multifarious and extremely diversified ob- 
" ject of geological researches does, no doubt, ren- 
der the first steps difficult, and may very well 
account for the instability hitherto observed in 
" such theories ; but the very same thing gives req,- 
" son for expecting a very high degree of certainty 
" to be ultimately attained in these inquiries. 

" Where the phenomena are few and simple, theuft 
" may be several different theories that will explain 
" them in a manner equally satisfactory ; and in 
" such cases, the true and the false hypotheses are 
" not easily distinguished from one another. When, 
" on the other hand, the phenomena are greatly * 
" varied, the probability is, that among them some 
" of those instantice cruris" (phenomena described 
by Bacon) " will be found, that exclude every hypo- 
" thesis but one, and reduce the explanation given 
" to the highest degree of certainty. — Hence the 
" number, the variety, and even the complication of 
" facts, contribute ultimately to separate truth from 
* ^ falsehood ; and the same causes, which, in dny 
" case, render the first attempts toward a theory 
" difficult, make the final success of such attempts 
" just so milch the more probable." 

17. This 
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17. This new passage of Mr. Playfair convinced 
me of what I have already stated, that he had formed 
a very correct judgment of geology ; and that, while 
he had seen the extent of ijpe ohjects which it ought to 
comprise, he had not given way to the opinion that 
it exeeeded the reach of human capacity. This pas-*% 
sage, as well as many other parts of his work, make it 
evident that he has carefully studied the immortal 
Bacon, whose luminous principles are fallen at this 
day into so much neglect, to the great detriment of 
natural science. Mr. Playfair well understood that 
the voluminous writings of that great philosopher had 
not, for their ultimate object, what superficial natu- 
ralists would esteem as solely useful ; namely, details 
of natural history and natural philosophy, to which 
such persons exclusively attend. Thus, judging 
Bacon in this single view, they consider themselves 
as much more enlightened than he was,, although so 
eminent in his time ; and suffer his volumes to re- 
main upon the dusty shelves of libraries, without 
having perceived in them that, which will ever bring 
them to the recollection of true philosophers, and 
which Mr. Playfair has in many respects well under- 
stood, though he has sometimes departed from it. 

1 8. The sagacity of Bacon enabled him to discover 
the immense variety of the phenomena of nature ; the 
strength of his genius, however, prevented him from 
considering this variety as forming insuperable ob- 
stacles to the advancement of science, provided they 
were studied with less of the impatience and pre- 
sumption, which, till then, had prevailed among phi- 

C losophers. 
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losophers. In his cogitata prefixed to the de Aug* 
mentis Scicntiarimi, after having examined, with 
profound attention, the amount of human know- 
ledge ift ' his time, and the means by which it 
^had been acquired, he thus proceeds : " Whence it 
" arises that these first notions of things, which 
14 constitute the whole of the means employed by 
" human reason in the study of nature, are neither 
" well arranged, nor well built up, but form, as it 
" were, a massy fabric, magnificent indeed, but 
11 without foundation *." 

These 5 few words indicate the rule by whicli Bacon 
was guided in his attempts, not to erect the edifice of 
science, for that requires the whole collection of facts, 
and he found none that were not ill chosen, and as 
ill-arranged; but only to lay the foundation of that 
fabric, by fixing principles of inquiry concerning the 
materials and their respective uses, and by furnishing 
the most precise instructions for ascending, by the 
determination of the true characters of phenomena, 
to the causes from which they originate. 

19. It was only for the purpose of illustrating his 
precepts, that Bacon endeavoured to avail himself of 
what was in his time the least defective hi the descrip- 
tions of phenomena afforded by natural history, and 
natural philosophy ; and if we reflect on the collection 

• Ex quo fit ut univcrea ista ratio hvmana, {nbtiones remtn 
prima?) qua utimur quoad inquisitionem naturae; noti bene cou/> 
jesta ct aedificata sit, sed tanquam moles aliqua megnifica sine 
fundaraento. 

of 
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of facte then assembled, it will in every respect be 
found very inferior to the stock of knowledge of the 
present day. But he was so far from considering the 
materials, which he had employed in those applica- 
tions of his rules, as proper to remain, at least in the 
same state, in the edifice of science, that, after having 
pointed out in his great work, De Augments Scientia- 
rum, the road which must be pursued, and the caution 
which would be necessary, in our endeavours to obtain 
true materials, he makes the following remark in the 
last chapter, lest the task should be supposed an easy 
one : " I recollect the saying of Themistocles J who 
" when he heard the deputy of an insignificant town 
" declaiming in a very pompous style, * Friend/ 
" cried he, ' this discourse of thine requires a city/ 
" It may certainly, I am aware, be in like manner 
'* objected to me, that my discourses require an age; 
" an entire age, perhaps, even for their trial, but 
" many ages for their accomplishment *." 

SO. Yet he was so far from considering the magni- 
tude of the object which he had traced out, as a rea~ 
son for despondency, or as an impediment to final 
success, that from this very circumstance, on the con* 

* Interim in mentem mihi-venit response m illud Thentistoclfe, 
qui, cum ex oppido parvo legatus quidam magna nonnull* 
perorasset, horainem perstrinxit; Amice, verba tua civitatcm 
desiderant. Certfe objici mini rectissimfe posse existimo, quod 
rerba mea seculum desiderent: seculum forte integrum ad pro- 
bandum ; complura autem secula ad pernciendura. De Di'gn. 
ft Augm. Scient. Lib. ix. p. 254. Vol. IV. of the London 4to, 
tdition. 176**' 
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trarv, he drew incitements to confidence and hope, 
provided that vain metaphysical speculations were 
abandoned, and the attention exclusively directed to 
facts, by pursuing the paths indicated by the pheno- 
mena themselves. He more particularly observes " 
upon tins subject, in the I ICth Aphor. of the Novum 
Orgamwij " Let no man be alarmed at the multi- 
" tude of the objects presented to his attention, for 
" it is this, on the contrary, which ought rather to 

" awaken hope If there were any one 

" amonjjst us, who, when interrogated respecting 
" tiie objects of nature, was always prepared to 
*• answer by j'acts> the discovery of causes, and the 
" foundation of all sciences, would be the work of # 
" few years : *'." 

• 21. From Mr. Playfair's adoption of this idea, I 
am convinced that he has fully understbod the greafc 
services rendered by Bacon to natural science; anefc 
he applies it to geology, when, in answer to those 
who consider it as a science bevond the reach of 
hum$n capacity, in consequence of the multitude of 
objects which it should embrace, he observes, that 
" the same causes, which, in any case, render the 
u first attempts toward a theory difficult, make the 
" final success of such attempts just so much the 
44 more probable."' But there are many conditions 

* Interim parti culariurri muTtittidinem nemo reformidet, 

quin petius hoc ipsum ad sprm revocet ; .* Apud nos 

vero si esset prcesto qiiispium qui do facto naturae ad interrogata 
responderef, paucorinn annofum esset invflntio causarum et 
scientiarum omnium* Nof. Org. Aphor. cxu. Vol. IV. p. 597. 

attached 
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attached to this success ; genius alone is not suffi- 
cient ; and to ensure it, philosophers, as Bacon ob- 
served, must enable themselves to solve every ques~. 
Hon by facts. Now the more these questions are 
subdivided into branches, which, however remote 
from each other, still proceed from the same stem, 
the more numerous must be the classes of facts which 
it is necessary to embrace ; and if, in particular spots, 
the phenomena are complex, by reason of their in- 
termixture, our researches must be extended to 
other?, where we may observe them either in thoir 
more simple state, or in different combinations, arid 
this may serve to determine their essential charac- 
ters ; a condition, which will oblige us to seek for the 
same phenomena in many different countries, and to 
fix also our attention on those which other observers 
may have pointed out. Lastly, although, generally 
speaking, it is true, that, in all sciences of facts, 
theories, even false or imperfect in their principles, 
may promote their advancement, by leading to new 
researches, yet such is the character which geology 
has attained, by reason of its great importance to 
men, whose peace may be disturbed by false deci- 
sions, that every true friend of mankind ought to 
make the greatest exertions, to avoid every error on 
so important a subject. I have felt the necessity of 
that caution in following this career ; and when facts 
have been opposed to my opinions, I have never 
failed to suspend my judgment, until I have verified 
them. This will be seen in the course of my travels, 
and particularly with regard to the facts quoted by 
Mr. Playfair. 

22. Dr. 
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22. Dr. Hutton's Theory of the Earth, so much , 
adinired by his friend, is little known upon the con- 
tinent ; I shall therefore proceed to exhibit its out- 
lines. I could not make choice of one, that would 
furnish scope for more essential discussions in geo- 
logy ; and discussions, on controverted points, afford 
the most efficacious means of fixing the attention 
upon the objects themselves. I have already re-, 
marked that this theory, though distinguished from 
every other by its own fundamental hypotheses, i$ 
however connected with hypotheses common to most 
pf the theories which I have formerly opp<^ed ; but 
they are reproduced under different forms, and main* 
tained with such method, with such an appearance 
of advancing only on the support pf facts, that nothing 
can render more evident the necessity of determining 
these last with precision, than the -discussions to 
which I shall be led, I shall therefore begin by 
stating the theory, 

23. We have already seen Mr. Playfair expressing 
a wish, that, in order to prevent all fluctuation in 
geology, it should be laid down as an invariable rule, 
{i that a theory of the earth oughj to have no other 
" aim than to discover the laws that regulate the 
" changes on the surface, or in the interior of the 
u globe" With regard to the general object, as 
well as to several parts of the theory, Dr. Hutton, 
and with him Mr. Playfair, frequently ground them- 
selves upon final causes : the establishment of causes, 
productive of the " changes' which constitute the fol- 
lowing theory, appears to them to manifest the most 

admirable 
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admirable ends, which ends, in their turn, sejrve to 
prove the reality of those " changes,'* 

24. According to that theory, our globe is sp com 
stituted, that, while existing continents are destroyed 
by the action of air, of gravity, and of running waters, 
their materials, propelled by the latter to the coasts, 
are scattered, by the different actions of the sea, over 
the whole of its bed. A considerable internal heat 
indurates these materials, from whence result mine- 
ral strata, similar to those of which the mass of our 
continents is composed. When the existing conti- 
nents have been destroyed by degradation, the same 
heat, which has consolidated the new strata at the 
bottom of the sea, forces them up ; the sea is thus 
driven upon the abraded continents, and new conti- 
nents are produced, exposed, in like manner, to the 
action of the air, of gravity, and of running waters ; 
and their materials, by a repetition of the former 
process, are in their turn spread over the bottom of 
the ocean, where heat prepares new strata, which are 
themselves in due time lifted up, to form new con- 
tinents. 

25. Such are the hypotheses which characterise 
the Huttonian theory ; these are the " laws" which it 
assigns as regulating the " changes" above-mentioned, 
and to the investigation of which Mr. Playfair would 
confine all future researches, without considering any 
origin. It is supposed that this alternate process of 
the destruction of continents, and of the formation 
of others with their materials, has been already mariy 

tim& 
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times ^repeated. Each process may require millions 
of years ; for the time which has elapsed since the 
birth of our continents is to be reckoned on such a 
scale ; Dr. Hutton allows it ; but this is no objec- 
tion with him, since the past has no limits. He has 
not even attempted to give an idea of the number of 
times that this change has been effected ; . he found, 
no doubt, the task too difficult ; but he and Mr. 
Play fair conceive it impossible to go back to a j5>rf- 
mtive state of the earth, in which nothing that id 
observed as the effect of physical causes had yet been 
operated. • 

26. In order to induce his readers to admit, with- 
out reluctance, these strange hypotheses, Mr. Play- 
fair, to whom they are familiar, presents them under 
an aspect, which he acknowledges to be at first un- 
favourable. Al Yet," (he says, § 133,) " with all 
" these circumstances of originality, grandeur, and 
" simplicity, in its favour, with the addition ofevi- 
" dence as demonstrative as the nature of the subject 
" will admit, this theory has probably many obsta- 
" cles to overcome, before it meet the general appro- 
" bation. The greatness of the objects, which it 
" sets before us, alarms the imagination ; the powers, 
" which it supposes to be lodged in the subterra 
" neous regions ; a heat, which has subdued the 
" most refractory rocks, and has melted beds of 
u marble and quartz ; an expansive force, which has 
il folded up or broken the strata, and raised whole 
" continents from the bottom of the sea ; these are 
" thidjgs, with which, however certainly they may be 
" proved, the mind cannot soon be familiarized." 

26. (a.) 
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m 26. (a.) Those who have not made geology theif 
particular study, when they see Mr. Playfair insist- 
ing so positively upon demonstrative evidence in 
this theory, may be fearful of incurring the imputa- 
tion of weakness, if they do not endeavour to " fami- 
" liarize" themselves with the " greatness" of the ob- 
jects which it presents : should they not, however, suc- 
ceed in comprehending the force of this " evidence," 
they will either mistrust their own judgment, or con- 
ceive it at least to be sufficiently proved, that, in geo- 
logical researches, we must content ourselves with 
seeking for the " laws" of certain " changes" without 
attempting to ascend to any origin ; an endeavour, 
which Mr. Playfair, evidently mistaking its object, 
terms " the folly of attempting to explain the Jirst 
*' origin of things" 

27. Such is the theory which I propose to have in 
view ; and although some readers, not surprised at 
what Mr. Playfair himself says, that little attention 
has been paid to that theory, may at first be of opi- 
nion that I might have chosen a more useful text, 
they will, I trust, be soon convinced that there exists 
probably no other system, which could have given 
rise to so many precise questions, important to geo* 
logy. That theory, however, has been attacked on 
many sides, and I have opposed it myself in my 
letters to Dr. Button. Mr. Playfair had these at- 
tacks before him, though he has but seldom men- 
tioned them ; making it his principal object to pre- 
sent his friend's theory under such aspects, as would 
best guard it against them, and to adduce new proofs 

in 



i 



26 

m its support/ This mode of -defence wilt lead t© 
many interesting discussions, the subjects of which 
I shall here sketch,- as affording a,general view of the 
several parts of geological science. 

28. One of the greatest objects of this science, that 
which has required the most profound researches in 
every branch of natural philosophy, is the origin of 
the mineral strata, of which the whole mass of our 
continents is composed. There have been many 
hypotheses upon this subject, but, having originated 
in the infancy of science, they have been successively 
abandoned ; and, with the exception of that which 
I am going to examine, the theory, which has been 
adopted by the most celebrated geologists, is, that 
those substances have been successively separated 
from a liquid by chemical precipitations. Dr. Hutton 
and Mr. Playfair think that they can demonstrate 
the impossibility of such an origin ; and thus a wide 
field is opened to discussion, by the different objects 
which it embraces, all of importance in geology : these 
I shall now proceed to trace out. 

29- In order to rest his own hypothesis respecting 
the origin of our mineral strata upon some facts, 
Dr. Hutton has undertaken to prove that our conti- 
nents have already undergone a very great diminu- 
tion, owing to the action of external causes upon them, 
and that the materials, which they have lost, have 
been scattered over the bed of the sea. His proofs, 
supported by Mr. Playfair, consist in supposing, 
with many # other geologists, tliat the vallies among 

mountains, 
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mountains, *nd tho dales between iulfc aje cavities 
produced by running waters, whi^h have even, much 
diminished the height of these eminences ; and that 
the sea itself contributes to destroy the continents 
by attacking their shores. It is high time that this 
great geological question, which equally belongs to 
all the theories of the earth, should at length be de- 
cided, since every tiling that relates to it is immedi- 
ately exposed to view ; and I shall make it appear, 
from actual observation, that, on the contrary, the 
cavities of vallies and dales, and the abrupt cliffs of 
our coasts, are original characteristics of our conti* 
nents, and that the action of external causes, so far 
from having produced these characters, has in fact a 
direct tendency to efface them. 

30. But a complete degradation of our continents, 
by which, in Dr. Hutton's opinion, they would at 
length be worn down to the level of the sea, could by 
no means answer the purpose of his theory : the dif- 
fusion of their materials over the whole of its bed 
would also be necessary, as he and Mr. Playfair, in 
common with other geologists, actually suppose it 
Here then is a second object of great importance to 
geology, the decision of which likewise depends on 
facts ; and from them I will shew that the sediments 
deposited by rivers at their mouths, and the materials 
detached by the action of the sea from those shores, 
which were originally steep, and against which it 
beats, are all accumulated along the coasts. 

r 
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31. A third' question, connected with the 'same 
subject, is the following : "granting the possibility of 
our continents being entirely destroyed, and their 
materials w scattered over 'the" whole bed of the sea, 
?youId the final result of such a process be in any de- 
gree analogous to our mineral strata? This question, 
although "Dr. Hutton's theory gives rise to it; regards 
likewise other theories, and is connected with the 
important object of the strata, which compose the 
-whole observable mass of our continents : we are 
hence led to define them ;' and, by a comparative 
examination of their nature with that of the detritus 
of our continents, I shall prove that it is impossible 
to attribute such an origin to those strata. 

lastly, since the strata of which a great part of the 
mass of our continents consists are stony, a fourth 
question arises, viz. how could such consolidated 
strata have been produced from the materials of other 
continents, those materials having consisted only of 
pulverised matter and gravel ? This question again is 
not foreign from bther theories of the earth. 

31. (a.) It would be tedious to specify, under 
each head, the various theories to which it relates ; 
and it is sufficient to fix these points in geology itself, 
in order to set aside those systems which Contain 
errors respecting them. And here the Huttonian 
theory has an advantage over the others, inasmuch as 
it contains a cause of the consolidation of those loose 
and ineoiierent materials. Dr. Hutton especially 
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maintains that solid strata cannot be explained by 
any- chemical cause ; and that indeed there can be 
no other than that which he assigns, viz. the fusion 
of the materials by an excessi\ e heat, acting at the 
bottom of the sea, and belonging to the original con- 
stitution of the globe. Now, on the contrary, I shall 
prove that our strata have not been consolidated by 
the heat of fusion; that no difficulty exists on this 
subject in the theory of chemical precipitation ; and 
that his objections proceed only from his not having 
considered this theory under its true point of view. 

32. After these questions, which relate only to the 
origin of our mineral strata, the next, no less im- 
portant in geology, is, how has it happened that these 
strata, which have evidently been produced at th 
bottom of the sea, are at present above its level? In 
the infancy of geology, various hypotheses were 
formed respecting the production of our continents 
by the action of slow causes ; but when I examined 
these hypotheses in my first geological work, I 
proved specifically of each of them, and generally of 
every other which might be formed with the same 
view, that they could proceed only from erroneous 
observations. These hypotheses have fallen to the 
ground, and all well-informed and attentive geologists 
concur in the general idea, that the birth of our 
continents has been the effect of some great revolu- 
tion upon pur globe. 

33. The circumstance, which has more particu- 
larly led to the adoption of this idea, is the ruinous 
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appearance observed in the whole mass of our mine- 
ral strata; a circumstance daily more and more ma- 
nifested, by the fractures discovered throughout the 
whole thickness of this mass, bv the changes in the 
relative level of their parts, which, however, must 
have been originally continuous, and by the angular 
movements evidently undergone by those strata, 
which, having certainly been produced in a hori- 
zontal situation, are yet considerably inclined in 
every direction, and even vertical in many masses 
constituting mountains. There no longer exists any 
doubt respecting these great symptoms of convulsions 
in the terraqueous globe; a point which naturally 
connects itself with the idea that the birth of our con- 
tinents is to be assigned to some great convulsion 
of that nature. 

34. This, I repeat, is a point on which the most 
eminent geologists agree ; but they are divided with 
respect to the connexion between the catastrophes, 
of the strata, and the birth of our continents. And 
here we have the following dilemma : since these 
strata have indisputably been formed at the bot- 
tom of the sea, but yet are at present above its 
level, either their mass has been raised, or the level 
of the sea has sunk. Many geologists, and among 
others Dr. Hutton, have adopted the opinion that the 
continents have been raised, and that it was during 
this process that our strata underwent the catas- 
trophes, so strongly impressed throughout their mass : 
while the other proposition of the dilemma, namely, 
that the level of the sea has sunk, constitutes a part 
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of my system, with this essential circumstance, that 
the catastrophes indicated by our strata successively 
happened, while they yet formed the bed of the sea. 
There, then, and before their birth, our continents 
acquired the form of their present surface ; and the 
event of their birth was produced by the subsiding 
of other continents, in consequence* of which the sea, 
abandmiing its original bed, was transported to a 
different part of the globe ; these different catas- 
trophes being, however, effects of the same cause. 
This is one of the greatest objects of geology ; and 
the theory of elevation, which I shall have to exa- 
mine, will give rise to various important questions, 
both of natural philosophy, and of natural history. 

35. There remains another question, which is of 
the greater importance in geology, as all others are 
connected with it, on account of the time which the 
supposed operations would require. What is the 
antiquity of our continents ? In most of the theories 
of the earth, an incalculable antiquity has been ne- 
cessarily assigned to our continents, to account for 
those supposed operations ; and this is more especi- 
ally requisite in the hypothesis that running waters 
have excavated the vallies among mountains, and the 
dales between the hills ; an opinion which Dr. Hut- 
ton and Mr. Playfair enforce by all the means in their 
power. I shall therefore resume the subject of the 
antiquity of our continents, on which I had already 
dwelt at large in my first geological work ; and I shall 
again prove, by the very operations of running waters, 
.thitf -mar ixmtinents are not of great antiquity. 

?6. The 
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36. The above stated questions, which have arisen 
in geology, are sufficient to give a general idea of 
the objects of this science, and of its extent ; and it 
may likewise be seen, that the decision of these 
questions must, in a great measure, depend upon 
facts ; which condition implies a precise determina- 
tion of geological phenomena; to which attention 
can in no way be better excited, than by those ques- 
tions themselves. Geological travels, no doubt, 
contain the descriptions of these phenomena, but all 
intermingled with each other ; since the observations 
madfc in passing from place to place present objects 
of clifferent kinds, and cannot be sufficiently impressed 
vpon the mind, unless distinct heads are assigned, 
under which those of every separate class may 
respectively arrange themselves ; and in order to 
effect this, the precise questions must be stated, 
which it is the purpose of those observations to 
resolve. 

37. Most of the geological phenomena have at all 
times been open to general inspection ; how then has 
it happened that men were so long without directing 
towards them a curious and attentive eye ? because 
they had not yet conceived that the objects which 
they beheld must have before been very different. 
The first inhabitants- of the earth, observing that in 
certain parts its surface was intersected with vallies 
and dales, while in others it was levelled into plains, 
contented themselves with distinguishing these dif- 
ferent sorts of grounds by respective names, and 
studied them for the sole purpose of utility, without 

adverting 



55 

adverting to any state in which they might antece- 
dently have existed; 

38. The first object tvhich excited astonishment 
in men, and by which it had already been excited in 
'ancient times, was that of the marine shells found 
scattered in some countries, even at a very consi- 
derable distance from the sea. But, as traditions 
concerning a deluge had reached them, they con- 
nected, in a confused manner, the two ideas. Hence 
Ovid introduces Pythagoras as saying, 



" Vidi factas ex cequore terras, 



u 



Et procul a pelago conchae jacu£re marinse." 



No researches, however, as to the nature or the 
causes of this change, were the result of that remark, 
because observation was not sufficiently advanced to 
suggest the necessity of pursuing that study. Time 
alone could, by accidental circumstances, bring na- 
tural history and natural philosophy to a point, at 
which they were capable of becoming sciences susr 
ceptible of gradual improvement by application; 
and much timp elapsed before any rules were esta- 
blished to direct this application. Now, during the 
whole of that interval, imagination created systems 
upon systems, while, however, the collection of facS 
was daily increasing. Bacon at length appeared, 
whose profound genius enabled him to unravel that 
confused mass of casual observations, which was ill 
calculated to lead to inquiries, because the whole was 
imperfect, and devoid of any real connection. It 
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was he who pointed out the road which must be pur* 
Sued, in order to trace back phenomena to their 
causes, and who, among other paths which heopened 
as leading to determinate objects, sketched a first 
plan of observations, which might give birth to geo- 
logy. But men were too precipitate : before the 
observation of the actual state of the earth could lead 
with certainty to the knowledge of its past states, 
and manifest their causes, it was necessary that the 
study of the earth should have produced many new 
discoveries. Instead of which, some naturalists, 
elated by the beginning of this happy change, fancied 
that they heard on every side the voice of nature. 
Thus geological monuments, which had been mute 
before, were converted into oracles \ and it was ima- 
gined that every thing was to be learnt from the 
first which seemed to speak. Hence the many sys- 
tems that arose; each observer creating his own 
conformably to the object by which he had been 
struck. However geological views were thus formed, 
amidst objects, which before had been thought to 
.possess no interest, except for the architect, who 
sought the stony strata best adapted to the purposes 
of building ; the agriculturist, who looked for beds 
composed of fertilizing substances ; the miner, who 
endeavoured to trace metallic veins ; the landscape- 
painter, or the poet, who adorned their representa- 
tions with rocks, cascades, and torrents, to form a 
contrast with more peaceful scenes. 

j 

39. Mr. Playfair, therefore, had reason to say 
that theories of the e^rth, however erroneous and 
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discordant they formerly were, may nevertheless be 
considered as first steps in geology, on account of 
the phenomena collected by their authors, and of the 
views which they have opened ; but the systems them- 
selves otight not to have obtained confidence, before 
attention had been paid to the importance of tint 
object, arising from the moral danger of the errors 
into which men might fall by too much precipitation. 
It is thus, however, that geology, gradually accumu- 
lating materials in all its branches, of which many had 
not at first been considered as necessary, is become a 
solid science. But these materials are as yet dis- 
persed in various kinds of fabrics, where their bonds 
of union being arbitrary, they give to the science that 
vague appearance, which deters from the pursuit 
those who seek solidity in knowledge, while to others 
it presents a mere field of conjectures, in which they 
make no scruple of placing their own. 

40. This state of things is solely to be attributed to 
inattention ; for the field of geology is at this day 
much better known than it is generally supposed t6 
be : there are true roads very accurately traced in it; 
which enable us to fix and characterise unalterable 
parts, sufficient for its iriain purpose, and point out 
openings to other paths, leading to objects which yet 
remain to be discovered. 

» 

4 1 . Mf . Playfair has likewise justly observed, that 
one of the causes which have produced much confu- 
sion in geology, is evidently that too much has been 
attempted. But, m reducing its limit* to the rian& 
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ard of the theory which he has adopted, he has in- 
creased,' instead of dissipating, this confusion ; be- 
cause he has excluded the lights resulting from cer-i 
tain well-determined origins. The only .means of 
putting an end to the conflict of systems was to re- 
tyirn to the phenomena themselves, in order to study 
them with ^doubled . attention ; seeking first those, 
which might lead ?to immediate consequences with 
respect tp their causes. It *.\yjis thus only that the 
complication, so perplexing in these phenomena, 
could be unravelled ; for by separately considering 
those proceeding from known causes, the parts, of 
which the causes were yet undiscovered, would ap- 
pear divested of all accessory combinations. 

• 42. My brother and I catered together upon our 
geological career, while I yet lived at Geneva; and 
after a certain period we came to a first conclusion, 
which, from that time, was our guide, and which I 
$till consider as the true introduction iiato the field of 
geology. We saw that an essential distinction was 
to be n*ade. among the various phenomena which the 
surface of the earth exhibits, with respect to their 
pauses ; determining of each of them whether the 
causes which have produced it are tfill in action, or 
have, at some .epoch, ceased to act. If this discri- 
mination be possible, it evidently becomes a first 
guide in the research of causes, which will prevent 
many Errors. l£ow, when wp, had fully convinced 
.ourselves that this distinction was pointed opt by the 
£>henoipeiia themselves, we clearly gaw, op studying 
^^eoriegjo^q^arth.then kuqwop jthalj the pria* 
Jbu ' * j, cipai 
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cipal source of the errors, which had been detected 
in them by subsequent observation, was the confound- 
ing of the periods in which certain effects h&d been 
produced. For, by attributing %o causes which were 
seen in action, such effects as they were incapable of 
ever producing, an impenetrable v£il*was thrown over 
past causes ; since these can be discovered only by 
their real effects, more surely to be ascertained wheh 
separated from those produced by causes, which are 
still operating, and producing such effects, as may be 
discerned to belong to them. 

~ 43. Continuing our observations with this object 
in view, we came at length to a convictioti that the 
production of the mass of our continents, in regard 
both to their composition and general form, as well 
as their existence above the level of the sea, should 
be ascribed to causes no longer in action on our 
globe; and that the whole i of the effects of actual 
causes had' been iihritedrto 'the modification of this 
original state; Insomuch that the first study requi-» 
pite txythe ' investigation '■ of the past history of the 
earthy wfe&that of the action of actual causes ; that 
thus, by they being every where, determined, outf 
continents might be , traced • back to their original 
state. 

44. After having quitted' Geneva, I continued my 
observations in various countries, and more particu- 
larly on the coasts ; my brother likewise pursued his ; 
and we communicated our remarks to each other. 
I was moaa*and mofe 'Convinced, not only of the 

possibility 
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possibility of determining, by the action of actual 
causes, what had been the state of our continents at 
their birth, but even of the possibility of likewise 
determining the time elapsed since that period. Tq 
these objects I directed my researches, which enabled 
ipe more clearly to perceive the errors of all the 
geological system^ formed without such investiga- 
tion. }•■,•;.;* 

j. ' 
45. With these preliminary determinations, I 
wrote my first geological work, Ltttr.es Physique* 
et Morales sur VHistoire de la Terre et de V Homme, 
published at the Hague in 1780. In this work, I 
determined the original state of our continents, and 
proved that they were of very small antiquity ; a 
circumstance, which alone overthrew a variety of 
systems, as I made it abundantly appear. But, 
wh&n evidence can be obtained only by long and 1*? 
borious observations, time, is also requisite to render 
it manifest. Many eminent geologists, who, as well 
as myself, had extended their observations over a 
wide field, have acquiesced in those results, and have 
even supported them by new facts ; whilst others, 
prepQssessed in favour of certain hypotheses, and 
confining their observations to particular, spots, have 
continued to frame systems suggested by imagination 
alone. Of this I shall adduce only a single example, 
but that a. recent one, which will evince the import- 
ance of the distinction to be made between the 
causes, which have acted upon our continents* since 
they have begun to exist, and those, to which are 
owing the. principal characters possessed by them at 

their- birth, 
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46. Dr. Schmieder, of Halle, published in 1802 
a work, entitled, An Exposition of Geology upon 
Chemical Principles. He supposes, with Dr. Hut- 
ton, that our continents have been raised up from 
the bottom of the sea ; he imagines them to have 
possessed at their birth the great chains of mountains 
only, formed by the very act of their elevation ; ancf 
he attributes to the causes, which from that time 
have been operating upon them, the mountaihs, 
which he calls secondary, where the remains of ter- 
restrial animals and vegetables are found ; an 
assumption, which gives to our continents an incal- 
culable antiquity. It was easy to shew in how many 
respects this system was contradicted by phenomena 
observed on the surface of our globe, and this I did 
in a small work published at Brunswick in 1803, 
under the title of Abrtgk de Principes et de Faits 
concernans la Cosmologie et la Geologic ; in which I 
made it more particularly to appear that those llioun- 
fjains, which he supposed to have been formed upon 
our continents, subsequently to their birth, by the 
materials which running waters had detached from 
the high mountains, exhibited all the marks of sub- 
marine formation ; that their strata had undergone 
the same catastrophes as those of the great moun- 
tains ; that the nature of the lattei ; is such, that the 
sediments of the waters which proceed from them 
cannot, on the same spots, produce strata, the spe- 
cies of which frequently and abruptly change ; and 
lastly, that the period of the birth of our continents 
is not sufficiently remote for the immense time, which 
such operations would have required. Now, while 

Dr. 
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Dr. Huttpn carries into the sea the materials of old 
continents, to form the strata of new ones, we see 
Dr. Schrriieder considering, the same operation as 
having been performed upon our contipents them- 
selves : * this shews the variety of systems which 
may be formed on the same phenomena, when they 
are superficially observed. Dr. Schmieder answered 
me ; I replied ; but for the purpose oijly of announc- 
ing to him the details of observations, which would 
be contained in the collection of my travels ; for I 
was already aware, (and it will form here one of the 
objects of my remarks) that the removal of preju- 
dice can be effected only by the details of observa- 
tions* 

47. This example will suffice to explain what I 
stated above, that the first point necessary to be fixed 
in geology is the state of our continents at their 
birth j it shall form therefore one of my principal 
objects in the sequel of this work. It was chiefly by 
means of such an investigation, that hopes could be 
entertained of ascending to the causes, which have 
operated in time past for the production of the mass 
of our continents, as we now observe it ; but this re- 
search was very difficult ; and it called for certain 
assistance, which, at the time when I published my 
first work, had not yet been obtained;- of this I was 
well aware, and I declared it. And first it was 
pecessary to survey, with greater attention and exact- 
ness, the stupendous masses, which form the large 
chains of mountains on our continents, such as tlie 
Alps, the Pyrenees, ajid others of the same class, 

• I had 
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I bad ngt as yet been enabled to form any opinion 
tespecting the structure of this class of mountains, 
although they had frequently been the object of my 
observations ; only, .indeed, for the purpose of stu- 
dying the changes which they had undergone since 
the birth of our continents, as their nature vv as to me 
involved in mystery ; and this I acknowledged. In 
order, however, to avoid deciding that they were 
primitive, as some mineralogists termed them, or, in 
other words, that they had belonged to the earth from 
its origin, I called diem primordial, as Having been 
evidently anBerior in existence to those, in which or- 
ganised bodies are found. 

48. The publication of M. de Saussure's second 
volume of his Voyages dans les Alpes, which appeared 
in 1786, formed the epoch of an important step 
made in geology. It was then that a new scene 
opened upon me, as if a veil, through which I had 
hitherto surveyed these monuments of our globe, had 
been suddenly withdrawn. For, from that time, I 
no longer considered the eminences called mountains, 
of any size, or of whatever substances composed, as 
passes, which had originally existed, or of which the 
materials had been produced under that form ; but 
merely as strata of different genera and species, sue- 
cmively formed at the bottom of a liquid; an ope- 
ration, which could be assigned only to chemical 
precipitations. One class indeed of these strata, 
commencing with the granite, having been produced 
antecedently to the existence of organised bodies 
upon our globe, might retain, not as mountains, but 

as 
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as strata only, the name of primordial, which I had 
given to the mountains themselves; and the term 
secondary might still be applied, not to mountains, 
but to those strata which had been produced subse- 
quently to the existence of organised bodies; but 
with respect to the peculiar forms of mountains or 
hills, I look upon them as the effects of the catas- 
trophes, which their strata had undergone, after the 
time of their original production. 

49. I found the justness of M. de Sajissure's re- 
marks, with respect to the very mountains which I 
had already surveyed, and even earlier than he had 
done, but not under such favourable circumstances, 
and with the assistance since furnished by the pro- 
gress- of observation. These remarks, the truth of 
which I have had every where an opportunity of 
ascertaining, have permanently established a third 
point in geology. I say a third point, because the 
first which I have mentioned is the birth of our con- 
tinents, produced by some revolution of the globe, 
and the second, the small distance of that epoch. 
But this third step leads us farther into past events ; 
and this is to be attributed solely to M. de Saussure. 
It has, indeed, been contested by some geologists, 
and chiefly by those who consider mountains as 
being large crystals, an idea more particularly main- 
tained by M. de la Metherie. But this opinion, 
as well as the notion of primordial mountains, could 
proceed from the want only of such a study of moun- 
tains as M. de Saussure has pursued, and can main- 
tain its ground with*those alone who have not paid 

sufficient 
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sufficient attention to bis remarks. With regard to 
me, I was struck by them, as if a ray of light had 
broken forth from the mountains and the hills them- 
selves : in no instance have I found any exception to 
them ; and I am persuaded that the great geological 
fact which they have established will soon be univer- 
sally admitted. 

50. Dr. Hutton, who was well aware of this cha- 
racteristic fact, and had bestowed merited commen- 
dation on M. de Saussure, has, however, controverted 
a part of this great discovery, by excluding from the 
number of stratified substances, those mineral pro • 
ductions which are rightly considered as having pre- 
ceded all the others, namely, granite, porphyry, and 
other substances, found intermixed with them , and 
it is this opinion which impresses him with a belief} 
that it is impossible to ascend by geological monu- 
ments to a primitive state of the globe. This is a 
great question ; and Mr. Playfair having supported 
the hypothesis of Dr. Hutton with respect to it, the 
acknowledged talents of these geologists, together 
with the important questions with which it is con- 
nected, will induce me to examine it deeply. This 
hypothesis is very different from that of M. de la 
Metherie, who admits at least a.Jirst discernible ope- 
ration upon our globe, which he defines to be a crys- 
tallization in mountains. But it will appear from all 
the details into which an examination of Dr. Hut- 
ton's hypothesis will lead me, that both these theories 
are equally excluded by obvious phenomena; so 
that M. de Saussure's discoveries, with respect to 

the 



44 

the formation of our mineral strata,- beginning with 
tibe granite, by chemical precipitations from a liquid 
which originally covered the globe, together with his 
explanation of the -subsequent production of moun- 
tains and hills, .remain in their full force. - But antw 
cipating the subject, and referring to the proofs which 
will be hereafter adduced, I shall set out from/this 
point, and continue to sketch the objects which are 
embraced by geology. 

51. Here then we have a first operation of physi-? 
cal causes on our globe, to which we are led back by 
the investigation of geological monuments ; namely, 
the production of the strata of granite, by chemical 
precipitations, from a primordial liquid. Such is 
the first discernible effect of these causes; beyond 
jt, we cannot perceive any thing : all the other effects 
of which monuments remain are subsequent to this, 
*nd may be expressed in the following general terms: 
They consist, in the first place, of other precipitations, 
continued for a long time, of substances, differing 
successively in their genera and \species, and spread 
out in strata, nearly in an horizontal and continuous 
position, at the bottom of the liquid. But these 
strata, in the intervals of the formation. of thteir dif- 
ferent classes, and until the end of these operations, 
underwent great catastrophes, in the course of which 
they were fractured and dislocated. These revolu- 
tions at the bottom of the liquid, produced in the 
mass of the strata those relative differences of level, 
which constitute mountains and r hills, rising .above 
the vallies and the plains. Lastly, this theatre, of 

operations 
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operations and revolutions, having been left dry* 
became our continents. 

52. What a different prospect was thus opened in . 
geology ! What hopes did it not excite of penetrating, 
by. means of such distinct monuments, into the past 
history of the earth, as far, at least, as these monu- 
ments, with the assistance of physical causes, could 
direct us ! Much indeed still remained to be done 
before these hopes could be realized, but every thing 
was preparing for new advances. Geological monu- 
ments, more and more the objects of study, were 
still undoubtedly to be our guides ; but these, with 
regard to the time which preceded the birth of our 
continents, could exhibit to us the effects of causes 
only, which, though they have not ceased to exist on 
« our globe, are yet no longer in action, because cir- 
cumstances are changed. I had made great advances 
in the determination of these past effects, by carefully 
tracing those of the causes by which they are modi- 
fied ; this had determined the state of the different 
parts of our continents at their birth ; and that state 
served to characterise the causes which had produced 
it. But, as these causey no longer act in the same 
manner, it became necessary to study them in the 
effects which they still produce, in order to discover 
their nature, and to judge what their action would 
be under given circumstances. This was the pro* 
yince of natural philosophy, and more particularly 
of chemistry, which is one of its most important 
branches ,• and fortunately, at the time that ^L de 
Saussure opened so wide and important a field, 

expe- 
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experimental philosophy was rapidly advancing to 
discoveries, from which considerable assistance 
might be derived. 

53. To proceed farther in this sketch of the object* 
which geology embraces, must involve me in a repe- 
tition of what I have detailed in a second work upon 
this subject, published at Paris in 1 798, under the 
title of Lettres sur VHistoire Physique de la Terre, 
addressees ci M. le Prqfesseur Blumenbach ; I shall 
therefore here present a summary view of what this 
work has added to the former, Lettres Physiques ei 
Morales sur VHistoire de la Terre et de I Homme. 

54. I have already adverted to the error which 
prevailed respecting mountains, and impeded the 
way to the discovery of the "Causes that had acted 
upon the earth before the birth of our continents. 
I had called them primordial, and not primitive; 
which prevented error in one point, but did not re- 
move it in its essential part. Nothing on the globe 
can, according to my former remark, be considered 
as having been originally produced under the form of 
mountains : for the substances, which compose the 
-mass of these eminences, had been first disposed in 
horizontal and continuous strata ; and the form of 
mountains, in which they are found broken and dis- 
located, has been the effect of subsequent catas- 
trophes. Such is the system which I have adopted, 
guided by M. de Saussure, after having every wherfe 
found the confirmation of it. My second work, 
therefore, contains an exposition of this system ; and 

the 
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the principal new results to which it has led me are 
the following. 

55. 1. When we trace back with attention the 
^fleets successively produced by the different causes, 
^vhich must have acted upon our continents from their 
kirth, and are still continuing to act, we are enabled 
%q determine what was the state of these continents 
9t that moment, and we become assured that their 
existence is due to a sudden retreat of the sea. 
32. This original state, from the aspect of the vast 
vuins which characterise it, leads to the necessity of 
admitting, that, while the mineral strata which 
throughout constitute the mass of our continents, 
^vere accumulating at the bottom of the sea, vast 
caverns were either forming under them, or were 
already in existence, into which large portions of 
their masses sunk down, while other parts, inclined 
in different directions, remained more elevated ; such 
catastrophes must frequently have been repeated. 
To these is to be ascribed the existence of our moun- 
tains and hills, including their vallies; the plains 
being the parts which had most considerably and 
extensively subsided; and at the same time large 
portions of the liquid penetrated into these caverns 
through the interstices of the fractured strata. 
3. In consequence of this diminution in the quantity 
of the liquid externally, peninsulas and islands were 
formed in the basin of the ancient sea, which were 
supplied with vegetables and animals from other 
continents then existing. But during the continu- 
ance of the catastrophes at the bottom of the sea, 
9 many 
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many of the peninsulas were, cut into islands, an 
many of the islancb sunk under the level of th 
waters, where they were covered with different spe- 
cies of mineral strata, which, with the preceding 
masses, underwent new catastrophes. Hence the 
numerous remains of terrestrial vegetables and ani- 
mals, which are found, intermixed with marine bo- 
dies, in so many parts of our continents, in strata, or 
under strata, which, in common with all mountains, 
hills, and plains, bear the marks of convulsions fre- 
quently repeated. 4. A great number of these 
islands were still subsisting at the birth of our conti- 
nents ; so that, by the retreat of the sea, they became 
the summits of our mountains, and chiefly supplied 
our continents with terrestrial vegetables and animals. 
5. The retreat of the sea, by which our continents 
were formed of that part of the globe which had ori- 
ginally been its bed, was effected by the sinking of 
those continents, whence were derived the vegetables 
and animals, with which the peninsulas and islands 
had been stocked. It was then that the sea, flowing 
over those sunk continents, left our own dry. 6. 
Since the period of that revolution, the level of the 
sea has not been changed. 7. Lastly, not many 
ages have elapsed, since that great terrestrial event 
took place. 

56. Such are the immediate consequences of an 
attentive study of geological monuments ; nothing in 
them is left to conjecture ; every thing rests on phe- 
nomena every where observable, which will become 
the object of this work, and will form its only founda- 
tion. 
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tion. But nothing which has yet been said concetti* 
those past causes, which were in action before the 
birth of our continents : tliese also I have developed 
in my second work; and I shall sketch the path 
which I pursued in this investigation, tracing the 
series of events under another point of view. 

57. The strata of granite, evidently produced by 
chemical precipitation from a liquid, form, as I have 
said, the most ancient monument of the action of 
physical causes on our globe J we cannot, I mean, by 
the aid of any monuments, ascend to any more remote 
effect To the first precipitations of this class, 
others succeeded, of different kinds ; and while the 
strata were accumulating, they underwent the great 
catastrophes already mentioned, that gave birth to 
islands, some of which afterwards sunk. I have not 
as yet mentioned a circumstance, which does not 
enter into my immediate plan, but of which I have 
treated in my second geological work, namely, the 
birth of prior continents in the course of those revo- 
lutions, whence were derived the vegetables and ani- 
mals found buried in our own. I have here in view 
only a series of events, commencing with the produc- 
tion of ^granite, succeeded by that of a great number 
of other species of mineral strata ; a series intermixed 
with great catastrophes, the last of which consisted 
in the sinking of the first continents, and the birth of 
our own. 

58. Then commenced another part of the same 
series of effects, all connected one with the other. 

£ Our 
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Our continents, being once left dry, began to undergo 
the action of atmospherical causes, the effects of 
which were much increased by the ruinous state of 
their external parts. These effects were in general — 
thecrumbling down of abrupt surfaces, of which the 
materials accumulated under them in the form of 
slopes; — the softening of rapid declivities by the rain 
waters, which, in flowing down their sides, earned 
along with them the loose and incoherent materials, 
till they were bound together by the roots of plants, 
as vegetation spread over them ; — the filling up of 
cavities, and the raising and levelling of the bottoms 
of vallies, by the materials which these waters pro- 
pelled in their rapid course, anpl deposited in the 
parts where their current slackened ; — the levelling 
and straitening of the channels of these streams in 
the vallies anjl plains ; — lastly, the action of the sea 
upon the coasts, where it attacked the steep parts 
that opposed resistance to its waves, the force of 
which had a tendency to wear away capes, fill up 
creeks and bays, and reduce cliffs to gentle declivi- 
ties. Such are, I repeat, in a general point of view, 
the effects produced by the action of atmospherical 
causes upon our continents, operations which com- 
menced from their birth. I have shewn that all these 
effects tend, by their very nature, to special ends, 
the completion of which, in respect to each, I have 
pointed out in a variety of places. There are many 
Spots, however, where these effects are not yet ter- 
minated, although it evidently appears in what man- 
.4rer th$y will end. 

59. If 
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59. If this brief sketch of the physical operations 
which are observable on our globe be in reality traced • 
out by their monuments, as I propose to prove from 
the monuments themselves, it will hence inevitably 
follow, that all the perceptible effects of physical 
<;ause3 upon the earth must have commenced at a 
certain period, indicating the accession of some new 
cause. For, since the most remote effect of which 
any monument remains, namely, the production of 
the strata of granite, has been followed by an unin- 
terrupted series of other effects, which, though tending 
towards an end, is not yet terminated, a certain pe- 
riod in the history of the earth is evidently pointed 
out to ms, at which a cause, before wanting, began to 
exist, of which the production of granite was the first 
operation ; and thie investigation of this cause thus 
becomes an important object to the physical geolo- 
gist, since it clearly belong? to the department of 
natural philosophy. 

60. It was chiefly after having attained this point 
ip its progress, that geology stood in peed of the aid 
of clieinistry ; but it did not at first receive that aid ; 
and some geologists, when considering this object, of 
the first operation? which took place on our globe, 
prematurely 4ecided on the possibility or impossibi- 
lity of deriving any assistance from that science, in 
the elucidation of effects so remote from our times. 
It is thus, for instance, that Dr. Schmieder, whom 
I have already mentioned, has thought chemistry 
able to furnish even, specifip explanations of these 
operation^;, and it »#$ <m *toe contrary, with as little 
; b 2 reason, 
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reason, maintained by Dr. Hutton, that no assistance 
.could be expected from this science. It i$ doubtless 
very evident that no specific affinity can be assigned, 
as has been attempted by Dr. Schmieder, to a, period, 
when all the ingredients, now variously dispersed irf 
our mineral strata, in the atmosphere, and in the sea„ 
were combined together m the mass, which, in pro- 
cess of time, came to be thus decomposed ; for most 
of the mineral substances, from which we derive our 
chemical conclusions, are compounds, which indeed 
we are able to decompose to a certain degree, but 
which hitherto we want means to recompose. This 
evinces the little depth of our analyses, and proves 
that we are not acquainted with all their products. 
But if the details of specific affinities, as yet furnished 
by chemistry, can afford us no assistance, while we 
attempt to particularise the first operations which 
took place on our globe, this is by no means the case 
with the general laws which have been determined ia 
that science ; for they lead us to generic operations, 
whence much light is thrown upon these beginnings. 
This is an important subject, of which I have intro- 
duced only the principal heads in my Letters to Pro- 
fessor Blumenbach, referring, as I must do here, to 
the work which I have since published at Paris, 
under the title of Introduction h la Physique Ter- 
restre par les Fluides expansibles y the purport of 
which only I shall mention here. 

61. I shall set out with the proposition, that all 
; our mineral substances, beginning with granite, are 
chemical precipitations from a liquid, which originally 

covered 
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covered the whole surface of the globe ; a principle 
which I have adopted in common with the most emi- 
nent geologists ; and I shall have an opportunity of 
farther supporting it, when I shall discuss the objec- 
tions of Dr. Hutton. Now when a liquid contains 
ingredients capable of union by their affinities, and 
of subsequent separation from it by precipitation, 
such union and such separation must immediately 
take place ; for, as soon as causes exist, effects are 
produced. The following, then, is the first question 
which presents itself, — Why, at the period to which 
we have ascended by means of geological monu- 
ments, had not the ingredients of granite already 
been precipitated ? And here we are reminded of a 
general law, long established in chemistry, viz. that 
no chemical combination in a continuous mass can 
take place without liquidity, to permit the ingredients 
to approximate each other, and coalesce by the sur- 
faces which have a tendency to unite. The answer, 
therefore, to this first questi9n undoubtedly is, that, 
at the time when granite had not bees yet precipitated, 
the mass, containing its ingredients, was not liquid. 
Thus the change which then took place in this mass 
consisted in its acquisition of liquidity. . 

62. A second question then to be resolved is the 
following : — Why was not that maas already liquid ? 
Another general law furnishes us with the solution 
of this question. It is now established as a fact in 
chemistry, and in natural philosophy, that the liqui- 
dity of every substance is exclusively produced by a 
certain union of the calorific fluid with its molecules ; 
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an union by which this fluid, known to former natu- 
ral philosophers under the name of fire, and among 
some of the modems by that of caloric, loses its 
faculty of producing heat, while the other substance 
loses the distinctive properties of solids, fend assumes 
those of liquids. The following, then, is the answer 
to this second question : — At'thetime when the mass, 
from which granite i5f$8 $epa rated itself, was not 
liquid, it did not possess the^rej which produces 
liquidity. 
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63. I shall dwelt fotf'fc mottierit upon this point, 

pn account of the misconception of it by M. de la 

'M^therie, who had not examined in my works the 

^propositions which lead ti it He has given (p. 381, 

; bf the third volume of his Theory of the Earth) of 

"the whole of my system, a Vapid sketch, which it was 

easy to render susceptible of his objections ; but I 

shfill cotitent myself with copying that part, which 

relates to the present subject. The following are the 

terms in which he professes to set forth my opinion : 

u The earth was congealed the sun becomes 

M luminous ; its light, darting upon the surface of 
" the earth, heats and thaws it. The waters, pro- 
** duced by the melting of the ice, penetrate into the 
" interior parts of the earth, which he conceives to 
tt hiaVe been a mass of hirttrfd dust congealed. 'the 
w heat of the solar rays increasing on the surface of 
•* the globe, the dissolution of the ice becomes more 
" considerable .... the waters dissolve the earths, 
4t and other Congealed substances .... lastly, when 
u this dissolution extends to the depth of several 

" leagues 



55' 

u leagues below the surface, the substances, dissolved 
" by the waters, crystallize, are deposited by preci- 
u pitation, and tlie external crust of the globe be- 
u comes solid. Such is the origin of the primitive 
u lands ....." I consider M. de la M&herie 
as having shewn me great indulgence in not pro- 
nouncing such a system to be altogether absurd ; but 
his attention has not been equal to his indulgence, 
for the system of which he gives this exposition bears 
no resemblance to mine. But I shall not stop to 
prove a dissimilitude, which may be seen in his own 
Journal de Physique, and especially in my Letters 
to Professor Blumenbach. One point only I shall 
explain, which will effectually remove this idea of 
ice and congealed substances, so materially differing 
from that which forms a part of my system. 

64. There exists on our globe a very important 
substance, which should have a name appropriate to 
its intrinsic nature. I had proposed termU% it 
humor ; but that neologism was not adopted, because 
its utility had not attracted general attention. It is 
only since the period of the first operations which. 
took place on our globe, that this substance has ap- 
peared as separated from the mass ; and it is now to 
be observed under three distinct forms. It is water, 
when united to the fire of liquefaction; it is ice, when, 
after having been liquid, it crystallizes in conse* 
quence of being deprived of that fire ; it is aqueous 
vapour, when its molecules have been detached from 
the mass, whether water or ice, by the impulse of th4 
particles of fire, which then remain united to them. 

65. §uch 
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65. Such is the substance which I hate called- 
humor , and to which a distinctive appellation should 
certainly be assigned. It is not water, for in water 
it is liquefied by a certain union with fire; it is not 
ice, for in ice it becomes crystallized, after having 
passed through the liquid state; lastly, it is not 
aqueous vapour, for in that state it has acquired 
expansibility, by another species of union with fire. 
Many chemists still conceive this substance to be a 
compound ; and I considered it so myself, at the 
time when some well-known experiments gave rise to 
that opinion. But .philosophers were too hasty in 
fixing by nomenclatures a point so important in ter- 
restrial physics ; for numerous facts, and particularly 
atmospherical phenomena, have restored to this sub- 
stance its elementary nature. We no longer perceive 
it in its original state ; it has formed, by its combina- 
tions, a great part of the mass of discernible sub- 
stances upon our globe ; it continues, by its affinities, 
to dfetribute itself, in most of the products which we 
extract from them by our analyses ; and the most 
simple mode of its existence is under the three forms 
which I have designated above. But in its primitive 
state, when nothing of whfct we now Observe upon the 
earth was produced, nor as yet disposed to be pro* 
duced> this substance was neither water, nor ice, nor 
aqueous vapour ; its elementary particles were inter- 
mixed with all those, to which they are at present 
united by affinity, in the different bodies with which 
we are acquainted ; and those particles, then acquir- 
ing liquidity by their union with fire, and thus imme- 
diately entering into ail the associations, to which its 

numerous 
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numerous affinities gave birth among elementary sab* 
stances, produced the primordial liquid. From this 
liquid, our mineral strata, and the atmosphere, were 
successively separated, by other elements, which 
arose from the interior parts of the globe, leaving for 
residuum the waters of the present sea. This is 
what I have developed in my Letters to Professor 
Blumenbach. 

66. But a third question thence arises : Whence 
proceeded the tire, which produced liquidity in that 
first congeries of elements, forming, to a consider- 
able thickness, the external mass of the earth, from 
which has proceeded every thing we see, and beyond 
^bich we can penetrate only by means of inferences 
drawn from perceptible phenomena ? And here we 
We still assisted by natural philosophy. All the 
experiments and observations relative to fire have 
led us to conclude, that this fluid, subtle as it is, is 
not a simple substance ; that it is .composed of 
light, and of another substance belonging to the 
atmosphere, and to terrestrial bodies ; and that the 
^olar rays, in uniting themselves with this latter sub- 
stance, produce heat upon our globe, but only by the 
formation of fire. This substance, therefore, might 
be intermixed with all the other elements which 
formed the primitive mass of the earth, without pro- 
ducing heat, or, consequently, liquidity ; for it was 
not fire itself, it was only one of its ingredients, 
which, without the addition of light, could not con- 
stitute fire. The solution then of this third question 
is, that, before the epoch when the mass of elements, 

whence 



whence has been produced all that we observe updrm. 
Our globe; began its operations, light, that essential' 
element^ was wanting to it, for the production of fir e^ 
and, by its means, of liquidity. 

66. (a.) I am thus arrived at the fixed period, at; 
which commenced the production of the strata of 
granite, that most ancient monument of the action off 
physical causes on our globe, and the first of the- 
effects in the series which I have traced, extending 
to our times, but not yet terminated. In my inquiry 
into the causes which had prevented their beginning, 
I have proceeded, and could proceed only by the 
help of general laws, resulting from every branch of 
haturaj, philosophy, and particularly from chemistry. 
Here therefore I stop, as this guide cannot lead me 
any farther. It would now be requisite to determine 
whence proceeded light, : that chemical ingredient, 
which has entered into the composition of many 
mineral substances, since it is disengaged in their 
decomposition ; and which, in the first place, was to 
produce fire, and next, by fire, to produce liquidity ; 
but of that light I can perceive nd source. It would 
tei removing the difficulty only a little farther, to 
ilferive it from the luminous celestial bodies; for 
whence did they receive the light which emanates 
from them ? Here then terminates the field of our 
researches ; but this limit does not affect the series 
of inferences from facts, by which we have been led 
so far. It is certain that, when none of those ope- 
rations of physical causes, of which we observe the 
monuments upon our globe, had yet commenced, 

light, 
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light, as a chemical ingredient, was wanting to its 
mass. For, if light had always existed there, it 
would have produced fire, and fire, liquidity ; thence 
would have resulted all the various precipitations, the 
catastrophes of strata, the birth of our continents, 
and the action of atmospherical causes upon theiri ; 
and these last effects would every where have been 
terminated, so that we should have been almost un- 
able to \race back any of the links of their series. 

67. It is thus that by analytically tracing back 
the chain of phenomena, and of their general causes, 
we arrive at the formation of the strata of granite, as 
the most ancient perceptible monument of these 
causes. In our redescent from this point, we find a 
succession of other strata, different in their genera 
and species, formed in the same liquid, and impressed 
with characters, which, independently on their super- 
position, indicate different periods of formation ; as 
more particularly appears from the remains of orga- 
nised bodies, terrestrial as well as marine, which they 
began, after a certain time, to enclose. All these 
strata, moreover, have successively undergone con- 
siderable catastrophes, to which they continued sub- 
ject until the birth of our continents. But, from this 
period, all those great effects have ceased on our 
globe. The residuum of the primordial liquid, which 
$5 the sea, no longer produces mineral strata ; it has 
lost all the substances which produced those of which 
the mass of our continents is composed ; and new 
ingredients, capable of effecting such precipitations, 
no longer arise from the interior parts of the earth. 

The 



The mass of the strata, now abandoned by the seae> 
is no longer subject to those catastrophes, by whicfca 
their preceding revolutions had been occasioned ; the 
interior of the globe , having already assumed Br fixed 
state. Terrestrial causes still remain the same, but 
circumstances are changed : their general characters, 
indeed, are determinable by their actual effects ; but 
the latter mostly consist in those vicissitudes of com- 
position and decomposition, which we observe on the 
surface of the earth, 

68. I have hitherto omitted speaking of volcanoes* 
They are a distinct process, connected, no doubt, 
with the primitive composition of the globe, their 
monuments being even intermixed with those of pre- 
cipitations, and of catastrophes of the mineral strata; 
but they have not contributed to these effects in any 
way that has yet been discovered. Dr. Hutton is of 
a different opinion ; and I shall examine his reasons, 
as I have examined those of Eh\ Schmieder, who 
thinks, with Dr. Hutton, that our continents have 
been raised up by a subterraneous heat, though he 
differs widely from him in every other part of his 
theory. 

69. The monuments of effects, posterior to the 
formation of the strata of granite, are our guides in 
the determination of other circumstances relating to 
the nature of the mass of the earth, at the period 
when all these operations began ; for it must have 
contained within itself the causes, which produced 
the successive differences of precipitations from the 

same 
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same liquid, as well as the cause of the catastrophes^ 
which the mineral strata have undergone since their 
production. It may easily be conceived that infer- 
ences can be drawn with a probability approaching 
to certainty, only by taking in the whole assemblage 
of well-determined phenomena ; and such is the me- 
thod which I have followed in my Letters to Pro- 
fessor Blumenbach. I have formed no conclusions 
arbitrarily, they proceed from the facts themselves ; 
but these are so numerous, and so varied, that it 
would be necessary, were I to detail them here, to 
go over all the branches of geology, which it will be 
more proper to refer to the sequel of this work ; for 
the present, therefore, I shall indicate only one of the 
principal of these branches. 

70. The cause of the catastrophes of mineral strata, 
und that of the birth of our continents, which refers 
to them, cannot but be intimately connected with all 
other geological phenomena ; and it is necessary, in 
the first place, to determine, with respect to them, 
whether, in the changes of relative level of sueh 
masses of those strata which have formed even the 
great chains of mountains, (changes which are the 
consequenees of those catastrophes) the parts most 
elevated have been raised, or the lowest have sub- 
sided. The former of these systems, as we have seen, 
is maintained by Dr. Hutton and Mr. Playfair: the 
latter is mine; and this difference of opinion will 
give rise to an attentive examination of them. 

7U Both 
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71. Both these theories necessarily imply the exists ♦ 
ence of caverns in the interior of the globe ; nothing* 
but the admission of caverns can possibly account fom* 
the operations, which form a part of each system* 
Now as, of all the hypotheses which have been framed 
for the explanation of terrestrial phenomena, these 
two can alone maintain so far their ground, the ex- 
istence of caverns in the interior parts of the globe 
forms a fixed point in geology ; and the origin of 
these caverns being necessarily connected with the 
primary constitution of the earth, they become a> 
leading step towards its determination. But a great 
difference occurs, accordingly as either of these sys- 
tems is embraced. In the theory of subsidence, 
which, in consequence of some striking symptoms, I 
had already adopted in my first work, but which has 
been considerably developed by subsequent observa- 
tions, the formation of these cavities is a consequence 
of that state of things, which produced different suc- 
cessive precipitations from the same liquid, as well 
as many other corresponding phenomena, which I 
have indicated. This theory makes it likewise appear 
why the catastrophes, which evidently took place at 
different periods, have been thus successive, viz. 
because the caverns themselves must have been 
formed in succession, from the very nature of the 
cause which produced them. Lastly, the same theory 
accounts for the stability of our continents, although 
they are only a mass of ruins, by implying that the 
great masses, as they sunk, descended to the bottom 
of the caverns ; which therefore, at the close of these 
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catastrophes, were nearly filled up; such vacant 
spaces alone remaining in them, as occasion the pre- 
sent phenomena of volcanoes and earthquakes. 
Every tiling is connected in this theory, and each of 
its parts may be submitted to the test of direct facts. 
But widely different is the case in the theory of eleva- 
tion. And first, the hypothesis of a great internal 
.heat, upon which it is grounded, is altogether inade- 
quate to the explanation of the great phenomenon of 
-mineral strata, successively differing in genera and 
species, and formed in the same places, from the 
same liquid. And as, according to this theory, the 
caverns must have been formed by the very act of 
elevation, they would necessarily still exist, and our 
continents, although composed of the ruins of strata, 
would in a manner be suspended over them. Now 
such being Dr. llutton's system, a comparative exa- 
mination of it with mine will give rise to various dis- 
quisitions relative to the primitive constitution of our 
globe. 

72. I have now indicated the principal roads which 
have been opened in the field of geology, together 
with the different opinions fctill maintained in regard 
to them. This first sketch was necessary, in order 
that the reader might have a clear idea of the various 
parts of this field, when I come to treat of the ques- 
tions connected with them. It may already have 
appeared, from this exposition, that a fundamental 
question in geology, nay, the first and most important . 
in the actual state of the science, is the following : 
Can it with certainty be determined what was the 

state 
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state of our continents at their birth ? That is to say, 
are the causes, which act and must have acted upon 
them from the beginning, together with the effects 
which those causes have produced, sufficiently known, 
to enable us to infer certainly from them what was the 
original state of each part of their surface? This 
then is one of the most essential objects of geological 
investigation, and it is likewise that to which the facts 
collected in my travels principally relate. In the 
rapid though correct sketch w r hich I have here given 
of geology, I have been unable to.introduce this great 
object, otherwise than in its relations to others, 
which I have also traced in a summary manner ; 
but it will be developed in the following Disserta~ 
tion, in which will be more distinctly seen the ad~ 
vantage of having in view a different theory, such a5 
that of Dr. Hutton, supported by Mr. Playfair, on 
account of the talents and the knowledge of these 
geologists. For, as I have already remarked, it is 
the discussion of different opinions respecting the 
same objects, while the decision between them de- 
pends on facts, which fixes the attention on % those 
objects ; and as, with regard to these indispensable 
means of advancing in real science, the deductions 
from data, the above authors appear always to pro- 
ceed with the most guarded caution, I shall also 
endeayour not to be deficient in this respect. Thus, 
I hope, considerable light will be thrown on the sub- 
ject, and some fixed and unalterable points be esta- 
, bUfthed in geology. 
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DISSERTATION 

r 
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On the Geological Phenomena which determine THft 
State of our Continents at their Birth { 
preceded by some general Considerations on the 

. Causes which retard Decisions in the Study of 
Nature, and containing an Examination of Dr. 
iHutton's Theory of the Earth, with some 
Remarks on that of Mr. Kirwan. 
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73. TPHE principal object of this Dissertation is ib 
i be considered as a central point, to which 

all the phenomena scattered over the * wide field df 
the travels of a geological observer ought uniformly 
to tend ; as such, at least; I have in mine kept it 
constantly in view. It is for want of considering 
this subject, that the monuments of the action df 
physical causes, every where observed up6n : 4tir 
globe, have given rise to so many diflertttt systems : 
for, until the importance of the distinction which I 
have pointed out between two classes of effects, one 
of those which had been already produced upon the 
earth's surface, previously to the birth of our conti- 
nents, and the other, of such as took'ptace upon these 
continents, subsequently to that period, be fully un- 
derstood, arid those of the latter class accurately de- 
termined, we remain in the same labyrinth in which 
the first geologists wandered. 

F 74, There 
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74. There is but one way of ascertaining the ori- 
ginal state of our continents ; but it is one which 
cannot fail, provided tljeqrfQ? sgjqy time and attention 
be bestowed upon it : I mean the study of the physi- 
cal causes^>thich-ai\eTBaTB Actrag, >and must from their 
frktii itkvei atted^ OBitfaem, together, wkb the . deter- 
loinationofxUihat theste bauses have already tjflfedjed, 
^i ti^ii^udy^ he prosecuted with all thexare Wllich 
s^Va^t * .field &i idtjwiry^tomaad^ each iKstntfiire 
fmot olftttae eacthJs^iudkce «iay be buoiught Jkefaifelthe 
mind, in the statemiiwflicta.it existed at tbe>origfo of 
our continents, and the monuments of the action of 
past causes may heR«a^bd^evidently discerned itf 
them ; causes more easily to be discovered, whea 
&W /*!»B»^Wf4fef ftw fXGc$p*ffe#9.i j .Another 
i8n^^ v ^gpi^^ fco^su^^^epf inquiry, 
^.ftat^jr^fflng .^H^^Q^of^if^ #W*fr 

ffB^rfJPtfl^^ ^%^tjp^cisioi^ 

rf^^^f^iflgowiHcIx t^yj ^vcj ^pe^ted^. pft in 
fi^imtoid#.tW* **)<&> has ^{^ed.swoe .thp 

]ftf9M» iWWk^fiuflty qye^all tercestrial c^ses. 

err .. XT: *., ... : '". : > » :<* . • . ■* = ■; •■ • i 

c, : -; : 7^-It^ )^^^4^^ajctr detennination of ^e 
state q£^iv . GWfjpra^ t fit their birth becoines * .cen- 
tr^jp<H»t.m^?Qlqg53j because equally ^directed to #rae 
„p$st j^ $fe*e#t~ Now as this de*ermmatixtf* r d$- 
. .peruls op the investigation of the actual st^te of g^r 
c^vtiiwU?, aad of the action of cause* w2ucfr a$e 
constantly operating, it, *JHP$MS, ftu^r^skig tJ^at it 

should 
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.hOkld still rettlain a problem. This fofift* the *ub~ 
eot of the remarks announced in tibe titte of the pre-' 
^nt Dkeertattion ; it marks, whfeh will dfedose on# 
>f the causes of that diflefl&ice of optaiob, JtSIl W** 
listing with regard to this point. 

T6. It is only by long experience ki obftcH^H, 

feat we ere taught the necessity of repeating it, with 

Pttpect to fee -same phenomena wheft aCCompftlited 

by different circumstances, for the pU*pdM fckhw Of 

(faawing inference* from them ourselves; Of df te&fll* 

teg property to appreciate those of other*. I *p*i 

fttmtfele of dpi* while frequently reflecting on &t 

Otyecte which presented theitiselves stt^eertitel^W 

my view in the course of my various ttUvtls, e*tti df 

iuch as I had not undertaken for the efyrttft pwpes* 

<rf observation ; for the more these bbjtatA Wtei* foul* 

ttplied i& my journals, or *q my metfroTy, the ttiore I 

Was convinced of the necessity bf again €*4&mtin£ 

those which I had already 4bderVed, Hoi frilly by 

seeking for them in hew places, but by fetutakig 4b 

sueh as I had formerly visited, fthtti <oth*r <ttte«ttteft 

had deduced from them infef«ifees whieh aiffShed 

4rem my own. I have hefted been indued 46 dglty 

{br ao considerable a time Ihfe publication ef the 

travels which I have frequently feflnonneed) havitig 

found it necessary to continue them, as long as I 

OmAA h&ve sufficient strength fed bear the fatigue. 

*£kpettem*e had taught me that it was iiflpaesibte too 

«ftfel to itepett the saiiie objects, with an <*jte Which 

«peawd &mt w«ktt bad rendered fttote 4n4 nrnrc 

SStefitiVe, #&<& (he differed aspfeefe twUle^ **teh 

f2 thej 



thpjfe migbft'tepfeved, h&d given rise to different sjs* 
t^Wf i>ipr no, complicated objects can be fully known, 
W&Less.tfrat which is accessory to the character of 
tl|ejr respective, classes has been clearly discerned. . 

77. When the phenomena are of a nature to be 
found in different associations with other phenomena, 
if we wish to trace them to their causes, we must 
6bs$rve them in all these associations, and compare 
them ■: nnier all these points of view. For pheno-: 
inena, insulated and dispersed, like the scattered 
fragments <>f statues, easily enable the imagination to 
fornv by the aid of hypotheses, groups differing as 
.widely from each other as from the truth. It is only* 
.therefore, after having repeatedly observed the same 
phenomena^ under all their various aspects, and in 
all the combinations of which they are susceptible^ 
th^t we can become acquainted with their specific 
characters ; for, if well determined, they will always 
be found the same, in all their associations with 
.other phenomena, of which, in their turn, they will 
perye to .determine the proper characteristics; and 
jthis, ^t the same time, is the only means of ascending 
with certainty to their respective causes, which causes 
are themselves found to be mutually connected by 
corresponding links. 

78. It is not possible, however, to have at once pre* 

, sent to the mind these different representations pf the 

same objects, though their distinctive characters can bt 

ascertained only when tliey are viewed together ; nor, 

■ indeed, does the mind enter upon such a process, 

when 
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when it draws conclusions; it generalizes them; 
under those characters, and forms groups, which be? 
tome its immediate data. Now it is during this 
transition from the detail of phenomena, (which may 
be considered as the first data afforded by nature) 
to their generalization by the understanding, that 
arises . the greater part of its errors ; and these are 
the fruit of its impatience : it is eager to generalize, 
and that, not ^infrequently without having collected 
a sufficient number of circumstances relative to the 
same phenomena, to enable it to ascertain their true 
and distinctive characters : their real connections 
thus remain unknown, and it is no longer the under- 
standing but the imagination, that is at work,, which 
at all times can combine and associate things, in 
themselves the most incongruous and discordant 

. 79. It is ever necessary to consult Bacon, as our 

true guide in the study of nature ; for it was he, who, 

having collected together ail that had been attempted 

in this career, discovered the real causes why so little 

progress had been made in it, and who pointed out 

the road to be pursued for avoiding error. With 

him, generalizations became a most important object. 

Perceiving the strong tendency of the mind to gene* 

ralize, whether well or ill, in order to form a kind of 

science, he attempted to restrain it ff om employing 

its powers too soon upon abstractions, by showing 

how much was previously to be done. At the same 

time, he combated that scepticism, which refused to 

the human understanding a capacity of arriving at 

the truth, only because it had not yet followed, the 

roads 
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roads which might fead; tait ; toads, whioh he himself 
traced out with astonishing sagacity. It is chiefly- 
then, in regard to generalizations, that they, who &>» 
vote themselves to the pturstnf of natural? science^ 
stand in need of such a guide ; for there, as I fcave 
Mid, originate the errors which produce *noertointy 
in that science; and, m pointing out tbtek varkrttf 
sources* Bacon indicated one which is rery camnxm 
id the following passage of his Impetus Phitbstiphici; 
<ki Interpretations Naturddj Sent. 8. "• A pfeJAoso 
pber," he says, " who is engaged only in the research 
of the causes of obvious and compounded phenomena 

but does not apply himself to the discovery ci 

simple phenomena, first to those which are such in the 
popular estimation, then to those which are reduced- 
to a true decomposition and simplicity, by a kind <ti£ 
distillation, may, if in other respects he commits nca 
error, add to what is already discovered something 
not to be despised, and even bordering on discovery ^ 
but will have no success in conquering the inveterajaS 
and general prejudices of the age ; and cannot bc^ 
tailed an interpreter of nature *. 

$0< It is this decomposition which must precede all 
generalizations; for these must refer to simplified 

* Qui in rerun> obviarum et coropositarum cautis exquirendis 
> . . . . versabitur, nee sc ad naturas simplices conferet, ad istas 
ptitnb, (fdae pfcpulatri ratione talcs sunt ; deindfc etiam adeosqiui 
mftb&d vfcriofon simplioitatem reditcttt sunt et velnti svblimata^ 
it fbjft$$ae si csaiera non peocai, addet mventis quaedani pon 
aperoenda, et luventis proxima. Sed nil contra, majores rerum 
•ecularitatcfc iftqvebif, nee iuterpres dicci\dus, erit. Vol. V. 
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f rti e b oteuiM y if ire are deabora o£ ascending by their 
means, to causes. Yet, notwithstanding what Bacon 
had said upon this subject in many other parts of U& 
works, k is still too common to generalize complicated 
phenomena, because they then lead as more immedi* 
ately to pwtkai consequences, which, no doubt, are 
very ueefaL But Bacon frequently and expressly 
attempted to couirteract the propensity ifc those who 
derate themselves to the study of nature ; because, in 
ende&voaiug to discover the practical uses to be 
derived from phenomena, they do not renounce thtf 
determination of causes, though they frequently pro- 
fess to do bo; Such a mode of proceeding is 
the more dangerous, as conjectures on general ob- 
jects are supposed to be verified by *uccessful, though 
ionly particular, applications. 

81. In order to lay a sure foundation for some 
general theory, we must study with equal care ifl the 
phenomena, however remote, that are connected, by 
means of intenhediate circumstances, wilh those, on 
winch, as being principally in our view, we had be- 
stowed a considerable degree of attention. For all 
these relations between objects, distant v a* they may 
be, originate in common causes; amongst which the 
most remote do nevertheless modify the effects of 
such as are more immediate in the phenomena, whence 
conclusions, relative to their distinctive causes, are 
drawn. Now if, previously to drawing these con*- 
elusions, no care ha? been taken to distinguish in 
these phenomena what it is which produces their 
relation to others, in Order that such *>rtly of their 

circum- 
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circumstances may be viewed, as have originated iir- 
specific ■ causes, erroneous determinations, with re- 
gard to these latter, will naturally be formed, the 
whole of an effect being attributed to them, which, 
no single cause can produce. It then also happens 
that other observers, noticing the same phenomena- 
under different associations, assign to them different- 
causes; and this produces a general scepticism with 
respect to causes in the minds of those philosophers, 
who derive all their knowledge of natural science from 
books, 

81. (a.) This object of generalizations, therefore, 
was, very justly, that on which Bacon dwelt the most, 
and more particularly in his immortal work, the 
Novum Organum ; because it is the generalization of 
generalizations which furnishes the science of nature 
with solid general principles, continuing to. rest on 
the phenomena themselves ; and the assemblage of 
such-general principles by degrees gives rise to the 
only metaphysics, which that great philosopher conn 
sidered as real, or within the reach of the human 
mind. There is indeed much labour to be expected 
in pursuing the road which he prescribes ; but he fre- 
quently adduces new motives of encouragement, by 
holding out the prospect of unexpected acquisitions 
of knowledge, which will, undoubtedly .be obtained in 
the course of such a mode of inquiry. Our way 
becomes less intricate, as we advance, a more. exten- 
sive view opens before us, while our steps become 
more and more secure ; and besides, this is the only 
rwd l *hich leads toiari. outlet " Let no man," (as 

:i*jj; * he 
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heobterves, Nov. Org. Aphor. 1 is.) ** to alarmed 
" at the multitude of the objects presented to his 
attention, for it is this, on the contrary, which 
ought rather to awaken hope. For there are cer- 
tain phenomena, both of nature and of art, which, 
when, according to the evidence obtained, they 
have been separated and abstracted from extra* 
neons objects, may be collected as it were in a 
handful, for the understanding to form its conclu- 
sions from them. Of this road, therefore, the 
issue is open, and even near ; while the other" 
(that of speculations and comments on objects, such 
as they present themselves to the first view) " has no* 
" issue, but becomes more intricate, the farther it 
" proceeds." 



82. This is, therefore, the true road which we must 
follow, in order to promote the advancement of the 
science of nature ; but it is not absolutely the diffi- 
culty of the path which retards the progress of this 
science: it still advances, though it spreads but 
slowly ; and that from a cause which I shall notice 
here, as it will often become the subject of my re* 
marks. The naturalist, who, in generalizing the 
phenomena which lie has observed, shall have fol- 
lowed, in every respect, the admirable rules laid down 
by Bacon, will have present to his mind a miniature 
sketch of the phenomena which he has collected ; 
and if he has been led to any conclusions relative to 
causes, he will perceive clearly that they are derived 
from the phenomena themselves, viewed in all their 
details. Subsequent observation, indeed, may lead 
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tb -ferther ihfereriGO.s toit4*fe &t%t decision* Vrftlore- 
rtiairc unchanged; because- itfs > £o*rclusidfc£ harre'not 
gone beyond hid <Iatai Howler* he must not expect 
that his generattz&tions will^iiriptfess Others frith th€ 
same conviction which he »fcefe himself, although it is 
Evident, that, provided they be j«st, his coneiosions 
triust inevitably follow ; for generalizations dfr ftot 
bear within themselves any intrinsic characters of 
truth ; since tliey are merely -siiftple assertions of tti^ 
observer relative to the nature of phenomena, an «1 
not these phenomena themselves Now as it is ver^y 
common to meet with different generalizations of Htm^ 
tofae phenomena, offered with equal confidence 1 * 
tfeat abstract form has lost its force, as well in th-^3 
estimation of those, who, without prosecuting inqui- 
ries themselves in natural science, are yet desirous 
*f knowing the different 'fcuits- which have been ascer 
tained, as of those, who have differently generalize 
the same phenomena, and who, half conscious,' per- 
haps, that their own generalizations are not free frorar^ 
fedmixtope of arbitrary determinations, imagine that^ 
the case of all other observers is probably the same: 
as their own. 

83. We may then easily understand what ia fact 
is requisite to render the progress of natural science 
Iefcs subject to fluctuation ; namely, that all philoso» 
ftfiers, who offer generalization^ as the foundation of 
afty system, should form them, as it were, with the 
Constant concurrence of their readers, by laying 
before th£ir eyes all the details of the phenomena. 
But the fear of being tedious preventing many, who 
kre well qualified- for the task, from adapting such, a 
' course, 
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count, Ibey are Itos reduced to the level of Atom, 
vttbfrfave formed their gencralisaltion* too precipi- 
tately ; and hence all abstractions of phenomena art 
received with distrust Consequently, real and ge- 
neral advances will then only be made in the science 
<rf nature, when the dread of prolixity shall be over- 
come, and when those who desire to cultivate that 
science shall be taught not only to wish for, but to 
expect, such a complete exposition of the several 
details of phenomena, as may enable them to enter 
by themselves upon the task of generalization. 

84. It will indeed be perceived that I have been 
led to these remarks, the solidity of which cannot, I 
think, be questioned, in order to justify the details 
contained in the Travels, the publication of which 
will follow that of the present work. They hate been 
accumulating for the last five and twenty years ; and 
I have had many opportunities, during that time, of 
perceiving the little effect of generalizations, of which 
I shall have a striking example to adduce. 

85. The object announced in the title of this Dis- 
sertation is the determination of the state of our con* 
tinents at their origin ; and I have shown that, until 
this point be positively ascertained, the science of 
geology must necessarily be vague and uncertain ; 
for the causes, which have produced the mass of our 
continents, such as we observe it, will still be con* 
founded with those which have altered their appear- 
ance since their birth. The only mode, as I have 
already, said, of prosecuting successful inquiries on 

this 
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(his subject, i*fo investigate : the icauses ndfr operat- 
ing y and to trace the changes which they have already 
produced. For if this melhcld *be scrupulously Ob- 
served, throughout all tlie ; classes of phenomena, if 
ye thus come to ascertain the changes, whioh all the 
distinctive parts of our continents haVe undergone 
since they haye existed, we may team with Certainty 
what their original state must have been. By- the 
Various effects, also, resulting from those several 
causes which we see in action, we shall be enabled 
to determine the period of time during which these 
causes have operated, and consequently the real 
antiquity of our continents ; aftd these are the sub- 
jects of the present investigation. > "' 

• 
. 86. That all geological phenomena are to be con* 
sidered with respect to these determinations, is evi- 
dent from the circumstance, that they are employed 
with this view in all the geological .systems entitled 
to any attention. This is more particularly the ease 
in Dr. Hutton's Theory of the Earth, which, as I have 
professed, I shall always have in sight in these in- 
quiries. That geologist has, in fact, determined the 
state of our continents at their birth, by describing 
the several . changes, which lie supposes to have been 
produced by the causes acting on them since that 
period ; and at the same time that, by his mode of 
considering the action of those causes, he is led to 
conclude that our continents are of immeasurable 
antiquity, he deduces from these operations the cause 
of :the formation of our mineral strata at the bottom 
of the sea ; and thus is obliged to have recourse *to 

the 
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*du* prtjceea, to wliich -he ascribes tbeir becoming dry 
l*nd, l^ider their present' form ; a succession of sop- 
posed effects embracing the whole field of geology. 
*Tbe outlines of this theory have been traced in § 24. 

m 

■ 87* I have already said that Dr. Hutton did me 
the honour of sending to me his first paper on this 
subject, published among those of the Edinburgh 
Society; and that, considering myself as under the 
Obligation .of examining it with care, I addressed to 
him four Letters, which were inserted in the Monthly 
Jt&view of 1790 and 1791. In these Letters I em- 
braced all the principal propositions of his theory, 
and in particular those relating to my present object, 
_vu% the state of our continents at their birth. This 
subject I shall at present resume, in the examination 
.of Mr. Playfair • work, w,hich gives a very clear ex- 
.po»ition of the opinions of Dr. Hutton, as more fully 
.d&veioped, and more particularly defended, by that 
gentleman himself, iajthe second work published by 
him in 179*5 ; and as I proceed in that examination, 
I shall occasionally recur to what I had opposed to 
him . in my Letters, on his first statement of his 
theory. 

88. In the course of these discussions, the truth of 
a remark, which I have already made respecting 
/generalizations, will abundantly appear, viz. how 
little they are calculated to persuade, or even to en* 
gage attention. Although my first geological work 
contained many travels, it presented but few details, 
as I had chiefly confined myself to exhibiting pheno- 
mena 
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«aena under general points of view, Wteft t wrot* 
my Letters to Dr. Hutton, I was not prepared for th^r 
publication of my mew travels, both on aceoiiti* of 
other objects on which I was employed* and because 
I had farther travels in contemplation. In order, 
therefore, to combat his ideas respecting thi effects 
of the causes which act on our continents, I had ad* 
duced the generalizations only of the phenomena tftttt 
I had already observed ; which, however, if they vm& 
correct, must have satisfactorily proved that ©n 
Hutton had not paid sufficient attention to thd** 
phenomena* Now it is solely to this form of gfcte* 
ralization that I can attribute the little notice whidk 
h&, and also Mr. Playfair, who is acquainted with 
those Letters, have takers of them ; so that neither of 
these gentlemen, while repeating the same opinions 
on this subject, contained in Dr. Hutton's firat paper, 
tita'at di adverted to the faGts which I opposed to 
th^rrv 1 although they themselves generalised 4Be 
greater ^art; of the fects on xMch they rested their 

0pinions. 

* i - 

r ^8& Having had, in trty Letters to B*, HtittOW^ 
more in view the examination of his theory th$H the? 
exposition of my own, I concluded those Letters in 
"Ifcfc fallowing manner :— " I think, Sir, I have flow 
«*itf8iflptet6ly ekecUted what I had undertaken in 
^respect «o your : Opinion On the revolutions &|t 
^Jbav^*ittppeA*d ki our globe ; but there remains 
&<m6thtt point which I have not yet Seated. 
M^hinking that ym hud explftirted very ft*l»rttUy, 
•*T*fl4 without ftny gt*at;cteM*u«tie A of the o*g Wised 
- ■" ' : " beings, 
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-telpgvthe tdeep^arka of resolutions impressed 
on^or^nttnentS); you concluded thus: € There- 

■ Are th£i$ is no occasion for having recourse to any 
|-. destructive accident in nature, or to the agency of 

■ Mttygrtt ^natural cause, in explaining that which 

r rffcctuajjy. appears/ ;; This point then remains to be 

{fa-cSWfnsdj .and; JJ intend to do it as soon as some 

If: 'i>thw§jf potions ^allt« leave me sufficient leisure." 

I- i^ifi^c^Jtl^ engagement, two years afterwards, iw 

%>X>fo#9 r *f0 professor JUumenbach, who undertook 

iO\tr^la4£ th$*n into German, in order, to insert 

M^etfn- i*Kvth$ Journal de JPkys. de Gotlm; but 

tfeey tverttratt the sme time published in London, 

i3WJjS9frraad JTft*, io the British Critic. These 

are the same \\h&k >J ih&ve . $lrea<Jy mentioned as 

Wing been published with additions at Paris, in 

170$. -i4fc jbig last ftdkjoo coota&s the exposition 
M)f tfepwfcpljB,of mys$ftt<#B> it is 'a n,oi;k to which I 
^anf ti€ffd wuier,then&$£sity- pf cefqrring i for I aw 

A9)9f'peK|b«mtng only 4 -what I, then announced as my 
Jbtepfio% YW*ote> support oxxd confirm it in all its 
!part*ot>y\«i ; fqrtbep td^v^opement of. fefcts, and their 
getftag*c3l j99fi;eqwftees. . 
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90* I>r. Hvtton was .acquainted with my Lettres 
\mr VHiatvire de la Terre et de V Homme, in which 
the evidence adduced to prove the small antiquity 
of our continents was such, as forcibly to strike geo- 
logists, undoubtedly of the first eminence, pince in 
their amber I include Messrs. DeDoiomieu and w* 
SAus6t T REi I shall hereafter have occasion to quote 
the latter,, on a aubjeetupon which his authority is 

decisive; 
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decisive ; but I shall state in this place the opkAox: 
of M. de Dolomieti, as contained in a note of hii 
important Memoir sur les pierres composites et sua 
les rochesj (Journ. de Phys. de Paris, de I792T 
Part I. p. 42.) " I shall defend/* he say*, "another 
" truth, which appears t6 me incontestable; anc 
" which the works of Mr." De Luc have f rehdeirec 
evident to me ; a truth, of Which I see the pfobfvc 
every page of the history tifman, and iff'iaU those 
" wherein the phenomena of nature are 'refcord&f" 
With Mr. De Luc, therefore, I shall sfyJtStoiVtkB 
cc actual state oj our continents is not ancient ; %ifH 
him I think that but a short period of tjfne'kdM 
elapsed, since they were given, of restored thus 
modified, to the dominion of man/' \ 
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'91. I was already informed of the opinion enter- 
tained by M. de Dolomieu on this subject, having 
seen him at Paris m 1 782, when I received Dr. Hot- 
toil's first paj&r. I was fcittprised that the lattet 
sliouW Have bfestdwed so little attention on the proofe 
of various kindfc>whfch I had given in my trark> of 
the small antiquity of our continents ; but I ascribed 
it to the force of prejudice produced by his other 
hypotheses, 'whidh required that a period of time 
immensely long should have elapsed, since they had 
emerged from the sea. I therefore examined the 
hypotheses themselves, in the first of my Letters*; 
and having there shown their dependence on the 
•various operations taking place on our continents, it 
was the object of my three following Letters to com- 
pare those hypotheses: with a general view of the 
; ■ / - phenomena 
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phenomena already described in my first work, which 
had been confirmed by many other- observations 
made subsequently to its publication. 

92. Since that time I have continued and greatly 
extended my observations, without finding reason 
to change any of the propositions contained in my 
{setters to Dr. Hutton, whether in relation to the 
phenomena exhibited by our continents, of to their 
geological consequences ; and I believe that all those, 
wbp shall read them with attention, will find these 
consequences result naturally from them. Very 
Kttte notice, however, was taken of my Letters^ 
either in Dr. Hutton's second work, published in 
W95, or in that of Mr. Playfair, which I shall more 
particularly keep in view, as having appeared in 
1802, (after the last edition of my Letters to Professor 
Blu men bach) for the express purpose of illustrating 
and defending the theory of Dr. Hutton. In the 
discussion of that work will be seen the very slight 
attention bestowed by these two geologists on the 
facts which I had opposed to their opinions, and the 
truth of the remark made on that subject in the pre- 
ceding pages. I had presented the greater part of 
the facts under the form of generalizations ; and the 
same phenomena had also been generalized by Dr. 
Hutton ; neither he nor Mr. Playfair were within 
reach of the places where my observations had been 
made ; nor, doubtless, did they revisit those in which 
their own systems had been formed, in order that, on 
a fresh examination of them with a view to my gene- 
ralizations, they might judge whether I was mis- 

G tetany 
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taken : 'that I was so, they have gratuitously assumed; 
and thus they have scarcely noticed my objections; 

93. Yet this is not the way to promote the ad- 
vancement oi geology; a science which I have 
/already shown to have become so interesting and so 
important to mankind. It rests on f<tcU; which, 
♦however, every one has not opportunities of observ- 
ing. According to the conclusions of .Dr. Hutton, 
,and of many other geologists, our continents are of 
'<indeiinite antiquity, they have beep peopled we know 
not how, and mankind are wholly unacquainted with 
.their origin. According to my conclusions, drawji 
, 4Vom the same source, that of facts, our continents 
.are of such small antiquity, that the memory of the 
.revolution which gave them birth must still be prer 
•served among men ; and thus we are led to seek in the 
.book of Genesis the record of the history of the hu- 
man racQ from its origin. Can any object of import- 
ance superior to this be found throughout the circle 
•of natural science ? Is there any one in regard tQ 
.which we should be more cautious and attentive in 
.investigating such facts, as may be adduced in oppo- 
sition to our opinions? Facts, however, will ulti- 
; mately prevail; we must therefore take care that they 
be not against us. For this reason, I have constantly 
.made them my object ; they will be found related 
.in my travels ; and I shall determine their respective 
.classes, in the progress of such an examination of 
the system ttiustraijed by. Mr. Play fair, as I could 
wish him to have undertaken of mine. 
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94. The first object of my examination will be 
th&t part of his work, wherein he gives an exposition 
>f the operations which take place on our continents, 
widely differing from that contained in my Letters to 
>r. Hutton, though he does not himself take notice 
>f the difference ; but I shall point it out, as the in- 
Vstances of it shall successively occur. He enters 
'-upon the subject in § 96, and it is continued to § 103. 
- I shall transcribe the whole passage, introducing my 
own remarks as I proceed. Our conclusions will be 
* found to be diametrically opposite to each other, 
and both have however the same objects in view. 

" It would far exceed the limits of this sketch," 

' ^ie says, " to pursue the causes of mineral decompo- 

c * sition through all their forms. It is sufficient to 

* c remark, that the consequence of so many minute, 

s <c but indefatigable agents, all working together, and 

■ €< having gravity in their favour, is a system of uni- 

* tc vers&l decay and degradation, which may be traced 

• c< over the whole surface of the land, from the mow*- 
" tain top to the sea-shore. That we may perceive 
" the full evidence of this truth, one of the most im- 
" portant in the natural history of the globe, we will 
" begin bur survey from the latter of these stations, 

M and retire gradually toward the former. 

" If the coast is bold and rocky, it speaks a lah- 

" guag^ eas y t0 be interpreted. Its broken and ab- 

•." rupt contour, the deep gulphs and salient promoh- 

• " tories by which it is indented, and the proportion 

• " which these irregularities bear to the force df the 
t ■' - G 2 " waves. 
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" waves, Combined with the inequality ef hardness 
" in the rocks, prove that the present line of the 
" ehore has been determined by the action of the sea. 
" The naked and precipitous cliffs which overhang 
<* the deep, the rocks hollowed, perforated, as they 
iC aye farther advanced in the sea, and at last insu- 
" lated, lead to the same conclusion, and mark very 
u clearly so many different stages of decay, It 
" is true, we do not see the successive stepsL of 
" this progress exemplified in the states of the same 
" individual rock, but we see them clearly in different 
" individuals; arid the conviction thus produced, 
" when the phenomena are sufficiently multiplied 
" and varied, is as irresistible, as if we saw the 
" changes actually effected in the moment of obaer- 
u vation." 

95. On reading these remarks, we might naturally 
suppose that they were designed as an answer to 
some system, in which it was pretended that the 
billows of the sea, in their attacks upon the rocky 
coasts, did not produce any degradation ; and that it 
was sufficient to prove the feet of actual waste and 
decay, in order to show that the sea destroyed* aitd 
^vouid continue to destroy, our continents. It was 
not, however, under this point of view, that I had 
presented the object in my Letters to Dr. Hutton. 
The question which I had examined was, whether 
" the action of the sea upon our coasts had cjeter- 
" mined their present line," and formed " the deep 
u gulphs and salient promontories by which they 
" are indented ;" and such an opinion I had. com- 

bate^ 



bated, by producing facts altogether sabvfcrsfre of It 
To all those who have studied the coasts* hil *M- 
ous that the " action of the sea" has, on the ccmtrt,+ 
fry, a direct tendency to Jill up the gulphs f und to 
destroy the promontories, which existed around the 
continents, when the waters of the ocean were eat* 
ried into their present bed; and I have shown that 
%his action, so far from threatening our continents 
with destruction, must, by its very nature, at some 
future period cease to operate. This is what I had 
shown in my Letters to Dr. Hutton ; and as no at- 
tempt has been made to remove this ohjectkth, it still 
remains in its full force. I am well acquainted with 
one of the coasts, of which the phenomena have been 
generalised by Mr, Pktyfair in the manner we have 
Just seen; it is that of Devonshire and Cornwall; 
which, as he had elsewhere particularly mentioned it, 
I have visited, for the express purpose of verifyirig 
his observations ; a caution that should always be 
Used in similar cases, before we attempt to establish 
positively our own opinions. I have seen all the 
phenomena by which he had been struck ; but he 
aright with equal facility have perceived those, which, 
m consequence of an attentive observation of several 
other coasts, I had presented in my generalisation- 
md which would have effaced the impreflion made 
Upon him, by the former. The account of my tra- 
.9*1$ on that coast will contain all these facts; and I 
Jkall then kftrodtfce his descriptions, from tLe 16th 
tiMe to his w*rk. 

" O* ftfch dioresy* he here coJttiaues* " the frag- 

" ments 
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" ments of rock once detached, become instruments 
" of further destruction, and make a part of thg 
M powerful artillery, with which the ocean assails the 
bulwarks of the land : they are impelled against 
the rocks, from which they break off other frag- 
ments, and the whole are thus ground against onj£ 
" another; whatever be their hardness, they are re- 
" duced to gravel, the smooth surface and round 
" figure of which are the most certain proofs of a 
41 detritus, which nothing can resist." 

96. This is specious ; and if- we satisfy ourselves 
with this single view of these objects, we shall easily 
persuade ourselves, that, at the end of some millions 
of ages, our continents will be destroyed by the 
ocean. But if Mr. Playfair had observed in that 
manner, which he himself had before said, ought to 
be pursued, in order to acquire " a conviction as if- 
\" resistible as if we saw the changes actually effected 
" in the moment of observation;" if, for this purpose, 
he had attentively considered the " varied arjd multi- 
plied phenomena" concerned in that operation, lie 
would have become «sensible that the very " artille- 
ry," of which he speaks, leads to an approaching 
termination of the action of the sea upon the coast. 
It is not the sea which has produced the cliffs on the 
shores of our continents ; and Mr. Playfair will him- 
self afford me an opportunity of proving it; they ex- 
isted at the birth of the continents. As long as the 
sea continues to be of a certain depth near the coasts, 
it can act upon them only by its waves; how there- 
fore is it enabled, in some places, to. impel against 
- them 
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them •*' fragments of rock?" It is because there the 
fragments, which had before fallen, having ace u mm a- 
lated in the water at the foot of the rocks, are now 
arrived at the level pf the sea. The beach thus 
formed, receives the new fallen fragments ; and the 
waves assailing it with violence, continually propel 
the latest fragments towards the rocks, beneath which 
they form a slope, which may be seen at low water, 
and which, increasing gradually in height, is in time 
discernible at high water also. There indeed thfc 
u fragments are ground against one another" by the 
waves, and " reduced" to that " gravel," whicn is 
" impelled against the rocks;" but,, m proportion as 
new fragments fall, the beach becomes more elevated-, 
till at length the waves can no longer reach the foot 
of the cliffy which by continual degradation are in 
time reduced into slopes. Of this process I shall, 
in my Travels, give many instances on the coasts to 
which Mr. Play fair refers ; and having thus proved 
that the action of the sea really, tends to destroy the 
cliffs, another passage of his work wiil furnish a di- 
rect proof that they could not have been originally 
produced by that action. 

* . * 

" Again," lie continues, " where the sea-coast is 
" flat, we have abundant evidence of the degradation 
" of the land, in the beaches of sand and small gra- 
11 vel; the sand banks and shoals that are continually 
'* changing ; the alluvial land at the mouths of the 
u rivers ; the bars* that seem to oppose their discharge 
11 into the sea, and the shallowness of tire sea itself. 
" Qn tuck coasts the load usually seems to gain up- 

"oir 
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**pn the sea, whereas, on shores of a bolder aspect; 
*' it is the sea that generally appears to gain upon the 
M land. What the land acquires in extent, however, 
4i it loses in elevation; and, whether -its surface in- 
M crease or dkninifh, the depredations made on it 
" are in both cases evinced with equal certainty." 

, 97. This exposition of the phenomena, which art 
•observed where the coast is low, is perfectly correct; 
but at the same time it affords a proof that the action 
of the sea could not have produced steep and preci- 
pitous clifls, where* none had originally existed. The 
coasts, of which Mr. Playfair speaks above, are those 
jfrhich have a gradual declivity, extended to a consi- 
derable distance beneath the water. But " what the 
land" thus " acquires in extent" towards the sea, is 
ikit wholly at the expense of the higher grounds; the 
gain does hot proceed solely from the sediments de-< 
poshed by the rivers; it is, in a great measure, pro- 
duced fcy the sand of' the sea itself, whichis impelled 
by the waves against the coast, and forms " aand- 
" banks," as well as " bars at the mouths of rivers ;'* 
as I shall show from the very coast on which Mr. 
Playfair has formed his : generalization. All these 
phenomena, indeed, I -had myself generalized only 
in my Letters to Dr\ Hutton, in consequence of the 
observations which I- had made on several coasts; 
and further I had pointed out thejinal effect to. which 
such operations tend; namely, that: when the sea be- 
comes deeper dose to the strand, which, at the same 
timd, has gained in extent by the sand thrown up 
a^ainet it, aft increase of declivity under the water 

is 
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» thus produced, and the action of the wares, ill 
propelling the sand against that coast, will theft 
cease. And, on the other hand, I had shown that 
rivers,, when their beds, shall be sufficiently levelled, 
straitened, and enlarged, will have but few materi- 
als to carry along with them to the ocean- Notr 
such a statement Mr. Playfair fhould certainly have 
contradicted, had it been in his power ; but he ought 
at least to have mentioned it, that his readers might 
have been enabled to form their own judgment on 
the question. For it is not only in direfit opposition 
to the supposed destruction of the continents; but it 
evidently shows, from indisputable phenomena, that> 
if the borders of our continents had every where con* 
sisted of such low coasts, no action of the sea could 
ever have reduced them into cliffs : and that therefore 
the latter must have existed at the birth of our am* 
tinents. Yet Mr. Playfair, as if, by his preceding 
arguments he had satisfactorily proved the tendency 
of the sea to destroy the continents, quits the coast; 
for the purpose of observing what passes " inland? 
where every thing, in his opinion, appears to concur 
in effecting their destruction. 

" If we proceed," he says, " in our stirvey, frooi 
" the shores, inland, we meet at every step with the 
" fullest evidence of the same truths, and particular 
H ly in the nature and . economy of rivers. Every 
" river appears to consist of a main trunk, fed from 
•" a variety of branches, each running in a valley 
"proportioned to its jam, and all of them together 
" forang a fystem of valHes, Communicating with 

one 
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u one another, and having such a nice adjustment of 

fi their declivities y that none of them join the prin- 
cipal valley either on too high or too low a level; 
a circumstance which would be infinitely impro- 

-" bable, if each of these vallies were not the work 

" of the stream that jlows in it" 






97. a. Here Mr. Playfair is very correct in stating 
what phenomena ought to be, in order to make it 
appear probable that all vallies are the " work of 
" the streams that flow in them;" but, in supposing 
the real existence of such phenomena, he was not 
aware how completely he should himself afterwards 
overturn that whole system, when treating of another 
point, which will be presented in its place. Neither 
could he have had present to his mind the phenome- 
na, which I had described in my Letters to Dr. Hut- 
ton, and which are well known to those who have 
attentively observed great mountains; viz. those nu- 
merous cascades that are still seen falling down on the 
sides of the principal vallies, the waters of which issue 
from upper ones, that join these at too high's, level; 
and the multitude likewise of semi-cones, consisting 
of loose materials, resting on those sides, under the 
outlets of other vallies, of which also the level is too 
high, and where the torrents, running in channels 
too narrow for their volume, in abundant rains, have 
formed those cascades of rubbish, if they may be 
so called, by propelling downw. rds whatever mate- 
rials they have collected in their previous course. In 
a word, nothing can be more contrary 'to facts than 
what Mr, Playfair here adduces as their generaliza* 

tion. 
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<tkm> This must be'the result of -very limited obscr-. 
yationsj and he has. not thought of .verifying the ge- 
neralization which I have given of them in different 
works. 

" If indeed" he continues, " a river consisted of 

" a single stream, without branches, running in a 

" strait valley, it might be supposed that some great 

" concussion, or some pQWerful torrent, had opened 

" at, once the channel by which its waters are con* 

, lc ducted to the ocean; but, when the usual form of 

." a river is considered, the trunk divided into many 

," branches, which rise at a great distance from one 

" another, and these again subdivided into an infinity 

" of smaller ramifications, it becomes strongly inr> 

- " pressed upon the mind, that all these channels have 

." been cut by the waters themselves; that they have 

: " bfeen slowly dug out by washing and erosion of the 

>" land; and that it is by the repeated touches of the 

," same instrument, that this curious assemblage of 

" lines has been engraved so deeply on the surface 

4t of the ground." 



98, This is indeed what Mr. Playfair had " strong- 

" ly impressed" upon his own mind; simply because 

: iie had not present to it that other part of his work, 

. which 1 have already pointed out, and to which- 1 

r shall hereafter come, where he speaks . of catastro- 

pk& *& the. strata* not only capable of producing, 

Jbut haying actually produced, all the systems of vaj- 

\ lie* observable ^n our continents; a fact which I shall 

• * ** 

; proye,, wbea I .enter upon an. examination of that 
.,...: part. 
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part. In the maritime, I shall make it appear, by 
what follows, that he has very superficially observed 
the phenomena on which he grounds his opinion. 

" The changes," he says, " which have taken place 
u in the courses of rivers, are also to be traced, in 
u inany instances, by successive platforms of Jktt 
" alluvial land, rising one above another, and mark- 
** ing the different levels on which the river has rui* 
" at different periods of time. Of these, the number 
" to be distinguished, in some instances, is not \es& 
V than four, or even five ; and this necessarily carried 
*' us back, like all the operations we are now treating? 
44 of, to an antiquity extremely remote: for, if it h& 
44 considered, that each change ^hich the river raake^ 
4i m its bed, obliterates at least a part of the inonu— 
* ments of former changes, we shall be convinced^ 
4i that only a small part of the progression can leav^ 
" ai>y distant memorial behind it, and that there h 
" no reason to think, that, in the part which we see, 
" the beginning is included? 

99- I shall have frequent occasion tp remark, that 
Mr. Playfair endeavours silently to combat the argu- 
ments which, though be does not directly mention 
them, I had adduced in opposition to this theory, in 
toy Letters to Dr. Hutton. Here, ftr tosfcUic*, it is 
bis aim to set aside those trace* of a begfrmng, which 
I had pointed oat, m the form of a gtAorahatfftv of 
the phenomena along " the tfwrde* of rivw*/ 1 *bcf e 
% had fetmdaeed an ojxurver following ttoe» atp by 
Mep; aftitfc&lteeeteapto, by eftd^vo*^ 4£pW*e 

that 
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all such traces must have been "obliterated" on 
account of supposed " successive platforms of fiat 
44 alluvial land/ 9 found, as he says, on the sides of 
rallies, at the bottom of which a river now flows ; but 
I shall here proceed to show, first, that the supposi- 
tion would be inadmissible, and secondly, that no 
such platforms do in fact exist. 

100. According to Mr. Playfair, " it is by the re- 
u peated touches of the same instrument/' that our 
vallies have been hollowed out He there suggested 
the idea of a saiv ; and we shall soon find him ex- 
pressly mention it. Now if the stream, by an ope- 
ration analogous to that of a saw, had in effect low* 
cred its own level, how could it have been able to 
widen the valley ? Can a saw enlarge its way in the 
substance which it divides ? In Mr. Playfair's opi- 
nion, the different levels, at which rivers have for- 
merly remained, are ascertained by " alluvial land ;" 
but alluvial land is formed only where rivers are able 
to spread themselves over tracts of some extent ; and 
in these they make no excavation, but on the contrary, 
having lost their rapidity, they deposit such materials 
•8a they have collected in their course. These 
" platforms," therefore, cannot consist of " alluvial 
" land :" thev afford no indication that the river has 
gradually sunk ; and their true nature will be seen, 
by a comparison with real alluvions. 

101. At the same time that rivers attack some 
-parts 0f their shores, tbey carry along with them 

web materials as they detach thence, and deposit 
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them in places, ovet* which they can spread therrf- 

selves. It is thus that alluvial lands are formed-; 

and, from the nature of their cause, if they contain 

gravel, it is found at the bottom ; and if there is sanc3, 

it is at the surface, as having been the last sedimeL^at 

of the river, when it had ceased violently to attach k 

its banks; and all these strata are horizontal. Th 

operation I explained at large in my Letters to D: 

•Hutton, and I gave an example of it in the new Ian ^ 

" formed by the Rhine near Coblentz ; but similar ii 

'■ stances may every where be seem Now, in tli 

platforms mentioned by Mr. Play fair, which I 

• often observed, the gravel is almost always at 
'surface; in places where it is covered by some layer^^ 
1 of sand, a still greater quantity of sand is found be — 

neath; and very frequently these different layers^- 
"\vhich always preserve their parallelism to each otheiv 
are considerably inclined, sortietimes in the direction 
of the declivity, but sometimes also in the opposite 
! direction, and are fractured in the same manner as 
the stony strata, I shall have frequent occasion to 
'remark this in my travels. The phenomenon is there- 
fore very different from that of alluvial land ; it b£- 

• longed to our continents at their birth ; and I shall 
take an occasion to explain the cause which produced 
it at the bottom of the sea. This is, indeed, a' lead- 
ing point in the investigation of past causes, which, 
in the theory under examination-, is obscured by a 
petit io principii, repeated by Mr. Playfair, in his HJth 
note, p. 352, when quoting Dr. Buttons Theory of 
the Earth, on a subject to which I shall hereafter 

• coipej naftiely* the migration qf^ttinesr 
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he says, " the beginning of that long journey; by 
" which heavy bodies travel from the summit of the 
" land to the bottom of the ocean, and we remain 
" convinced, that, on our continents, there is no spot 
" on which a river may not formerly have run" 
I trust that, when I enter upon that subject, I shall 
succeed in weakening this conviction in his own mind; 
but for the present I shall proceed to follow him in 
his exposition. 

" In the same manner," he continues, " when a 
" river undermines its banks, it often discovers 
" deposit es of sand and gravely that have been made 
" when it ran on a higher level than it does at pre- 
" sent. In other instances, the same strata are seen 
" on both the banks, though the bed of the river is 
" now sunk deep between them, and perhaps holds 
" as winding a course through the solid rock, as if it 
" flowed along the surface ; a proof that it must have 
■ cc begun to sink its bed 7 when it ran through such 
" loose materials as opposed but a very inconsider- 
" able resistance to its stream. A river, of which 
" the course is both serpentine, and deeply excavated 
" in the rock, is among the phenomena, by which the 
l( doxv waste of the land, and also the cause of that 
" waste, are most directly pointed out/' 

* 

102. On another occasion, Mr. Play fair loses sight 

of the latter part of this passage ; but I shall revert 

to it in the proper place. I shall confine myself here 

to the examination of the first part, which relates to 

-the strata of sand and gravel frequently found on the 

banks 
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bonks of rivers, as well in places where their level if 
only sonwtimes, as in others where it is always, lower 
than that of the adjacent grounds. With an-imme- 
rfiate reference to this phenomena, I shall proceed to 
trace the operations of rivers in loose soils ; to these, 
indeed, we cannot too often return, for the purpose 
of describing new circumstances, as new questions 
occur ; since it is an object respecting which so many 
errors have been committed by geologists* 

I OS. A river may exhibit on its banks the sections 
of loose soils, either in the neiv lands which it has 
itself formed, or in original grounds ; but the expe- 
rienced observer lway soon distinguish between the 
two cases. The rivers, which only sometimes rufl 
on a lower level than that of the adjacent grounds 
are those that traverse their own alluvial land, arid 
originate in a system of grounds, which, though very 
extensive, has proportionably few springs. After ^ 
long period of dry weather, rivers are fed exclusively 
by springs ; and, when this happens, those, which 
Tise in such systems as I have above-mentioned, ruii 
on a very low level in their several ramifications, 
particularly in their course through their alluvial land, 
although perhaps, in rainy weather, they overflow it. 
But this case may easily be distinguished ; for the 
strata which the river, when very low, discovers on 
its banks, are as horizontal as the surface of the 
ground ; and, if there be any difference in the size of 
the materials tohicH are thus exposed to view, the 
largest, such £$ gravel, are found lowest, and those 
above CQft&t <pf little else but sand. I had already 

n entioned 
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mentioned this circumstance, as a consequence of the 
operations carried on by rivers in other parts of their 
course since they had first begun to flow ; operations 
to which I shall briefly return* 

i 

104. The places, where we see rivers running 
always on a level lower than the surface of the adja- 
cent ground on both sides of their bed, are those 
where they have cut their channels, in original soils ; 
when this is the case with respect to one side only, 
they have there encountered abrupt grounds : hence 
result three distinct phenomena. First, where a river 
has met in its course with a small eminence, formed 
of loose materials, round which it has not been able 
to wind its way, rising over it, and flowing down the 
opposite side at the most favourable point, its waters 
have loosened the soil, and gradually carried it away, 
continuing the work of excavation, as long as they 
have preserved sufficient rapidity to propel its mate- 
rials towards some wider space. Such are the places, 
where the river runs in a channel more or less deep, 
and in which, as Mr. Playfair observes, " the same 
" strata are seen on both the banks ;" but they are 
strata very different from those of alluvial land. 

105. Secondly, where such an obstacle as the 
above had formed only a kind of promontory, round 
which the river had not been able to wind, without 
greatly bending its course, the stream has attacked 
that obstacle. It has then begun to straiten its chan- 
nel, by cutting off the cape, and thus forming an 
abrupt cliff; at the foot of which it has continued to 

H flow, 
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flow, still causing it to retreat more and more ; while 
on the opposite side, from which the stream has 
gradually withdrawn itself, it has left behind an both 
zontal space ; which is a kind of alluvial land, easily 
distinguished from every other species, because it 
frequently contains materials of a considerable size, 
that have remained on the spot, while the river has 
propelled in its course such as were smaller. But 
as this sort of alluvial land is also liable to be over- 
flowed, these large materials are now almost evearjr 
where covered over with sand, or other loose sub-r 
stances, and are found only by digging through those 
soils, whence they arc often taken for useful pur- 
poses. In this case, likewise, the section of the strata 
may be seen, but on one side only of the river. 

106. Lastly, rivers have in some places encoun- 
tered in their course cliffs of loose strata, which had 
originally existed on the continent, having been pro- 
duced by the subsiding of the strata, immediately 
before them, while they were still under the waters ' 
of the sea. An original cliff of this nature still dis- 
covers the section of its strata, if the river, flowing at 
its foot, and continually carrying away the materials 
which crumble down its sides, has not caused it to 
retreat so far, as that it may have been able to reduce 
itself into a slope, beyond the reach of the stream. 
This case too, so contrary to the notion that the rivers 
have excavated the vallies, is very discernible ; for 
those original cliffs, with their slopes in various de- 
grees of forwardness, are found on one of the sides 
of 4 stffcam, when there is not on -the opposite side 

thaj 



99 

that horizontal alluvial land, which indicates the re- 
treat of a river, in spots, where the cliff has been 
formed by cutting away a promontory encourttered 
by the waters in their course. 

106. (a.) Here then are three cases, in which the 
section of loose strata is shown on the banks of rivers, 
fell absolutely distinct from that, where they flow in 
channels, which they have preserved through their 
alluvial land; and the attentive observer will n6t 
confound the latter with the former. The surface 
of the country renders the former immediately evi- 
dent ; it has none of the characters of alluvial land, 
Iks is obvious from its multiplied inflections. The 
strata, though parallel to each other, are seldom hori- 
zontal ; and if their vertical sections sometimes pre- 
sent horizontal lines, the planes of the strata are, for 
the most part, inclined either backward or forward. 
Lastly, no order is visible in the superposition of the 
materials ; beds of gravel occur, but they are generally 
at the top, or at a little depth below it ; large stone* 
are often met with, and even considerable blocks, of 
a nature very dissimilar to all the stony strata of the 
country; (an important phenomenon, which will 
hereafter engage much of our attention ;) the rest of 
the strata frequently change, from sand, to marie 6t 
clay, alternately ; and, as a final proof of their origin, 
marine bodies are often found in them. These details 
are surely of great importance for the intelligence of 
the channels of rivers. None of them, however, 
appear in Mr. Playfair's exposition, any more than 
remarks on what I had said concerning this subject 

h 2 in 
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in my Letters to Dr. Hutton : those remarks, it is 
true, wefe presented under the form of generaliza- 
tions, similar to those which I have here offered ; 
but they expressed distinct cases, examples of which 
will be found in my Travels. 

" It is, however," continues Mr. Playfair, "when 
" rivers issue through narrow defiles among moun- 
" tains, that the identity of the strata on both sides 
" is most easily recognized, and remarked at the 
" same time with the greatest wonder. On observ- 
" ing the Patowmack, where it penetrates the ridge 
" of the Allegany mountains, or the Irtish, as it 
" issues from the defiles of Altai, there is no man, 
" however little addicted to geological speculations, 
" who does not immediately acknowledge, that the 
" mountain was once continued quite across the 
u space in which the river now flows ; and, if he ven- 
" tures to reason concerning the cause of so wpnder- 
" ful a change, he ascribes it to some great cowoul- 
" sion of nature, which has torn the mountain 
" asunder, and opened a passage for the waters. 
" It is only the philosopher, who has deeply medi- 
" tated on the effects which action long continued is 
" able to produce, and on the simplicity of the means 
" which nature employs in all her operations, who 
" sees in this nothing but the gradual working of a 
" stream, that once flawed as high as the top of the 
u ridge, which it now so deeply intersects, and has 
" cut its course through the rock, in the same way, 
" and almost with the same instrument, by which the 
" lapidary divides a block of marble or granite" 

107. I an 
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107, I am not acquainted with the instances to 
which Mr. Playfair here refers ; but he elsewhere 
cites others, which are known to me, and will occur 
in my Travels ; and I am surprised that he has not 
in those been struck by the dissimilarity of the strata 
on the opposite sections, and in consequence induced 
to abandon a system thus grounded on their " iden-- 
" tity." I shall not, however, dwell here upon this 
circumstance, but address myself to the " philoso- 
" pher," who imagines that he " has deeply medi* 
{i tated ;" or rather I shall introduce what would un- 
doubtedly be the reasoning of a " lapidary," who 
should be told that a river had " cut its course through 
" a rock, in the same way" in which he " divides 
" a block of marble" with his saw. 

108. The first circumstance which must strike him 
in this supposed analogy, is the assertion, that the 
€i stream once flowed as high as the top of the ridge 
" which it now so deeply intersects." He very well 
comprehends that this ought to have been the case, 
had the ridge b r een cut through " in the same way" in 
which he " divides a block" with his saw. He effects 
this operation by placing his instrument on the stone, 
and drawing it alternately backward and forward ; 
but a stream is in no respect analogous to a blade of 
steel ; it has not the same inflexibility ; nor has it any 
support, either to carry it to the summit, or in passing 
over it. He, therefore, sees clearly that neither the 
nature of his tf instrument," nor the " way" in which 
he uses it for the purpose of " dividing a block of 
" marble," could have been considered, when his 

operation 
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operation was adduced as exemplifying in what man* 
ner a stream might have traversed the summit of a 
ridge of mountains, and " slowly" lowered its 
course by erosion, without having any support on 
either side of the ridge. 

109. But our " lapidary" is thus led to " meditate" 
on that which engages the attention of the geologist. 
He has observed the disorder which prevails in the 
strata of the mountain, whence be detaches his 
blocks ; and as he has found but few of any consi- 
derable size, on account of the broken and dislocated 
state of these strata, this circumstance leads him to 
make farther remarks. The mountain consists of 
Several ridges, all intersected by a river, which, 
issuing through a defile, runs for some time in a val- 
ley, and then bends its course, to enter another defile. 
The face of one of the ridges, at the upper part, where 
the quarries lie, exposes to view the section of its 
strata : he knows that the strata dip considerably in 
the interior part of the mountain, and that, besides 
the defile through which the river traverses that ridge, 
different intersections of the summit are seen, on 
both sides of which the strata change their level and 
their inclinations. Another ridge, parallel to this, 
shows him the planes of its strata, much inclined 
towards the valley, of which the whole bottom is 
interspersed with small eminences of the same strata, 
there very much fractured and disordered. All 
these phenomena may undoubtedly suggest to him 
the idea of " convulsion ;" not of such a partial kind, 
as only to have " torn the mountain asunder," but 

of 
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of those " convulsions" which gave birth to the 
mountains themselves, together with their defiles and 
their other accidents. 

110. This again, no doubt, is a generalization; to 
"which I have been led by considering what would 
naturally be the train of thought in the mind of a 
" lapidary," if a geologist had engaged him to re- 
flect on objects, to which, long as they had been 
before his eyes, he had hitherto attended only so far 
as was immediately necessary for the working of his 
quarries. But similar phenomena will offer thetti- 
selves in my Travels, under a variety of aspects, and 
even in places well known to Mr. Playfair. I trust, 
however, that, before I come to those direct proofs, 
I shall succed in convincing him that this is not a 
case where we need employ speculations, and have 
recourse to an " action" which had operated for an 
indefinite space of time; since he will himself soon 
indicate a cause, capable of suddenly producing 
mountains, where before there were only horizontal 
and continuous strata ; and of forming those moun- 
tains in(o chains, composed of fractured strata, with 
those strong inclinations in every direction, which so 
evidently manifest the cause of the existence of moun- 
tains. There, indeed, many essential points of dis- 
cussion will present themselves ; but we must now 
continue to follow Mr. Playfair in his exposition. 



« 



It is," he says, " highly interesting to trace up, 
" in this manner, the action of causes with which we 
" axe familiar, to the production of effects, which as 

seem 
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u seem to require the introduction of unknown and 
" extraordinary powers; and it is no less interesting 
" to observe, how skilfully nature has balanced the 
" action of all the minute causes of waste, and ren- 
*' dered them conducive to the general good. Of this 
u we have a most remarkable instance, in the proyi- 
" sion made for preserving the soil, or the coat of 
il vegetable mould, spread over the surface of the 
u earth. This coat, as it consists of loose materials, 
" is easily washed away by the rains, and is copti* 
" nually carried down by the rivers into the sea. 
u This effect is visible to every one ; the earth is re- 
*' moved not only in the form of sand and gravel, but 
" its finer particles suspended in the waters, tinge 
" those of some rivers continually, and those of all 
" occasionally, that is, when they are flooded or 
"swollen with rains. The quantity of earth thus 
" carried down, varies according to circumstances; 
" it has been computed, in some instances, that the 
" water of a river in a flood, contains earthy matter 
u suspended in it, amounting to more than the two 
" hundred and fiftieth part of its own bulk. The 
" soil, therefore, is continually diminished, its parts 
*' being transported from higher to lower levels, 
u and finally delivered into the sea. But it is a fact, 
" that the soil, notwithstanding, remains the same in 
" quantity, or at least nearly the same, and must have 
" done so, ever since the earth was the receptacle of 
" animal or vegetable life. The soil, therefore, is 
u augmented from other causes, just as much, at an 
ft average, as it is diminished by that now mentioned ; 
f $nd this augmentation evidently can proceed from 

" nothing 
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M nothing but the constant and slow disintegration of 
11 the rocks. In the permanence, therefore, of a coat 
" of vegetable mould on the surface of the earth, we 
" have a demonstrative proof of the continual dt- 
41 struction of the rocks ; and cannot but admire tlie 
" skill, with which the powers of the many chemical 
"and mechanical agents employed in this compli 
" cated work, are so adjusted, as to make the supply 
"and the waste of the soil exactly equal to one an- 
" other." 



111. Here Mr. Playfair has forgotten what he had 
said in his § 101, which, in my § 102, I referred to 
future notice. " In other instances," he had there 
asserted, " the same strata are seen on both the 
" banks, though the bed of the river is now sunk 
" deep between them, and perhaps holds as winding 
11 a course through the solid rock, as if it flowed 
" along the surface; a proof that it must have begun 
u to sink its bed, when it ran through such loose ma- 
" terials as opposed but a very inconsiderable re- 
" sistance to its stream." The river, then, when it 
"began" to flow, found " loose materials" on the 
surface of the ground; now what is a coat of vegeta- 
ble mould, but a " soil" composed of" - ' loose mate- 
<c rials ?" And in what abundance, and to how great 
& depth, do we not find such soils on the greater part 
of our continents? 

112. Such was the objection which I had already 
opposed, but more in detail, to this idea of Dr. Hut- 
ton, in the second of my Letters. Mr. Playfair, how- 
ever, 
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ever, it sepms, had as little noticed it, as he had re- 
membered his own passage cited above ; his object 
then was to explain in what way a river might have 
" a winding course through a solid rock," by the 
supposition that it had itself " sunk its bed" in loose 
strata; forgetting that he should soon have occasion 
to ascribe the formation of loose strata to the ri- 
ver^. He would find it difficult, under this last point 
of view, to show the equal proportion, which he 
supposes between the " waste of the soil," occa- 
sioned by the transportation of its parts along the 
course of waters, and its " supply," proceeding from 
the " disintegration of the rocks" in those vast tracts 
of land, where no rock is discovered, at whatsoever 
depth the ground may be searched, whether upon the 
hills, or in the vales. In thus assigning a final cause 
to these pretended effects, Mr. Playfair has forgotten 
the precepts of Bacon, notwithstanding the high esti- 
mation in which he professes to hold them. That 
true philosopher strongly recommended to naturalists 
not to recur to final causes, till natural history and 
natural philosophy should be sufficiently advanced, 
to afford a well-grounded hope that the effects, now 
ascribed to certain causes, might not hereafter bo 
shown to have no connection with them ; for^ when 
that happens, the scepticism of those, who deny the 
existence of final causes, is confirmed. I shall not 
then dwell on final causes, since we are now treat- 
ing only of the immediate objects of natural history 
and natural philosophy, and consequently physical 
causes alone must engage our attention ; but I shall 
allow myself to observe that the wisdom is more evi- 
dent 
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dent of an arrangement, by which the continents* 
from the first moment of their existence, should have 
been supplied with a soil, originally adapted to the 
immediate purposes of vegetation, than of a plan, 
which would have required a considerable period of 
time after the birth of the continents, for the produc- 
tion of that soil; and in which the continual trans- 
portation of the materials of their surface to the sea 
k intended ultimately to " destroy" them, in order 
that, like the phoenix, new continents may arise from 
their ashes. 

113. I have now followed Mr. Playfairin every 
thing that he has said relatively to the general opera- 
tion of the sea and of running waters on our 
continents, since the period of their first existence; 
objects which, independently on their connection 
with Dr. Hutton's theory, and indeed with geo- 
logy, are highly interesting with respect to natural 
history. It did not enter into Mr. Playfair's plan to 
examine my opinions on these objects, for he does 
not even refer to them ; though it is by the discussion 
of different opinions that we arrive most easily at the 
truth; and this consideration has induced me to ex- 
amine his system, in order thus to bring forward cer- 
tain precise points, the decision of which must de- 
pend on the verification of the facts that relate to 
them; whence those facts may be more noticed, 
when presented in my travels. But several other 
points of importance in geology remain to be dis- 
cussed, on which I shall continue to take Mr. Play- 
&ir*p work aa my text. A Very essential one occurs 

ia 
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in his § 1 12, where he reverts to his favourite hypo* 
thesis, that the existence of vallies is to be ascribed 
to the action of running waters; reproducing thia 
opinion under such a form, as will for some time 
engage our attention. 

" Many more arguments," he says, " all leading 
" to the same conclusion, may be deduced from the 
" general facts, known in the natural history of mow*- 
" tains; and, if the oreologist would trace back the 
" progress of waste, till he come in~ sight of that 
" original structure, of which the remains are still 
" so vast, he perceives an immense mass of solid 
" rock, naked and unshapely, as it first emerged from 
" the deep, and incomparably greater than all that 
" is now before him. The operation of rains and 
" torrents, modified by the hardness and tenacity of 
" the rock, has worked the whole into its present 
" form; has hollowed out the vallies, and gradually 
" detached the mountains from the general mass, 
" cutting down their sides into steep precipices, atone 
"'place, and smoothing them into gentle declivities 
" at another. From this has resulted a transports 
" tion of materials, which, both for the quantity of 
" the whole, and the magnitude of the individual 
iC fragments, must seem incredible to every one, who 
" has not learned to calculate the effects of continued 
" action, and to reflect, that length of time canweon- 
" vert accidental into steady causes. Hence frag" 
" ments of rock, from the central chain, are found to 
" have travelled into distant vallies, even where many 
" inferior ridges intervene: hence the granite oj 

" Mont 
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*' Mont Blanc is seen in the plains of Lombardy, or 
" on the sides of Jura; and the ruins of the Carpa- 
" thian mountains lie scattered over the shores of the 
" Baltic." 

1 14. This is a second instance, in which Mr. Plav- 
fair seems to have had an intention to obviate an 

t objection of mine, without expressly mentioning it. 
The .singular phenomenon of blodks of granite and 

• $her primordial "fragments of rock" being scattered 
io such abundance on some parts of the continents, 
so far from every mountain of their kind, is one of 
the most remarkable monuments of those causes, 
fhich, in former times, have acted on our globe; 
and tio theory of the earth, which does not satisfac- 
torily account for that phenomenon, can merit any 
confidence. When I wrote my first geological work, 
all the naturalists who had noticed these blocks had 
attributed their dispersion over the surface of the 
continents to the action of running waters. I com- 
bated this opinion by several arguments, and among 
others I adduced the following: viz. that ridges of 
mountains and hills, altogether foreign from the na- 
ture of these fragments, intervene between the places 
where they are dispersed, and every other mountain 
of their class. Mr. Playfair does not directly bring 
forward this objection, but he evidently has it in 
vjew, when he observes, that, owing to " the effects 
" of continued actioq," and to the operation of 
€c time," which " can convert accidental into steady 
" causes, the granite of Mont Blanc is seen in the 
* plains of Lombardy, or on the sides of Jura, and 
•-•'-* "the 
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u the ruins of the Carpathian mountains lie scattered 
" over the shores of the Baltic," notwithstanding the 
u many inferior ridges" which " intervene" 

115. Those who are unacquainted with the Hut- 
tonian theory will not readily comprehend the possi- 
bility of such a migration ; yet it is the only system 
in which it has been attempted, with any appearance 
of adequate means, to account for the transportation 
of these fragments of rock to the places where the* 
are found at present, notwithstanding the ridges ef 
mountains which " intervene." These means ate 
indicated in the passage just cited ; but many prcK 
vious points must be considered, before we can pro- 
ceed with advantage to the discussion of Mr. Play* 
fair's explanation of that great phenomenon. Tfc 
this system of" waste" occasioned by running waters, 
of which the vallies, more particularly, are imagined 
to be the effects, I had, in my Letters to Dr. Huttdn, 
opposed the lakes, which are observed on the -course 
of the principal rivers that issue from the Alps, 
Here then was a new impediment to the " transpor- 
u tation," not only of large " fragments Of rock," 
but of every other kind of detritus of the mountains. 
Dr. Hutton had undertaken, in his second work, to 
remove this objection ; and he has been supported ia 
fcis attempt by Mr. Playfair. For the present, there- 
fore, we must postpone the consideration of the 
blocks of granite, since this new subject will lead us 
into the most spacious field of monuments which the 
aurface of the earth presents, wherein all known phy* 
sical causes will be brought into action. 

9 116. Mr, 
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1 J& Mr. Play fair treats this subject in his six~ 
teenth note ; but again without mentioning the ob- 
jections which I had made, and appearing only to 
apeak generally of lakes, as of a phenomenon of the 
earth. He begins by indicating traces of the former 
existence of some l^tkes which, having been filled up 
by the gravel and alluvial earth brought down by 
risers, are now converted into horizontal meadows, 
through which these rivers flow. That there are such 
meadows cannot be disputed ; and although Mr. 
Playfair appears to me to exaggerate their number, 
I shall not dwell on this subject, because the lakes 
which still exist form the object of our present dis- 
ipsipn. After having introduced the subject of 
lajces under this point of view, he thus proceeds, 
p. 357, 

" From this gradual change of lakes into rivers, 
i} it follows, that a lake is but a temporary and 
u occidental condition of a river, which is every day 
" approaching to its termination ; and the truth of 
u this is attested, not only by the lakes that hav* 
" existed, bat also by those that continue to exist 
" Where any considerable stream enters a lake, a 
"flat meadow is usually observed increasing from 
" year to year. The soil of this meadow is disposed 
'* in horizontal strata : the meadow is terminated by 
u a marsh ; which marsh is acquiring solidity, mid 
" is soon to be converted into a meadow, as the mea~ 
" daw will be into an arable field. All this while the 
" sediment of the river makes its way slowly into 
" the, lake, forming a mound or bank under the sup- 

" face 
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" face of the water," with a pretty rapid slope toward 
" the lake. This mound increases by the addition 
u of new earth, sand, and gravel, poured in over the 
c< slope ; and thus the progress of Jilting up conti- 
" nually advances." 

117. This is a very correct description of what 
lakes place at the spot where a river flows into a 
lake; and Mr. Playfair refers us to that assemblage 
of lakes, which adorns the mountain scenery of Wert* 
moreland and Cumberland, where he says that the 
progress of these operations may easily be traced. 
I shall have occasion hereafter to advert to a parti* 
cular circumstance in this description ; but, for the 
present, it is necessary to proceed to the point, to 
which Mr. Playfair desires to lead us, p. 359* v 



u 
u 



The larger lakes," he says, u exemplify the same 
progress. Where the Rhone enters the lake oj 
u Geneva, the beach has been, observed to r eceive an 
" annual increase; and the Portus Valesiae, tiow 
" Prevattais, which is at present half a league from 
il the lake, was formerly close upon its bank. In- 
" deed, the sediments of the Rhone appear clearlj 
to have formed the valley through which it runs, 
to a distance of about three leagues at least food 
the place where the river now discharges itself int< 
the lake. The ground there is perfectly horizontal 
composed of sand and mud, little raised above thi 
level of the river, and full of marshes. The dispo 
sition madq. by the. Rhone aftef it enters the lake 
" is visible to' the eye>; and may be seen falling dowi 
%i in clouds to the bottom." 

118. Thi 
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118. This very essential point is introduced with 
great accuracy. The lake of Geneva was one of 
. those which I had in view in my Letters to Dr. Hut- 
ton, and the mention of it was indispensable. The 
other instances adduced by Mr. Playfair are some 
lakes of North America, while at the same time he 
remarks, that the annual increase is there much less 
considerable than in those of the Alps ; " as the rivers 
•" which supply these, vast reservoirs are none of them 
w very great. " He then returns to his general sub- 
ject 

" In order to give uniform declivities to. the rivers, 
" the lakes must not only be filled up or drained, 
" but the cataract, wherever there is one, must be 
" worn away.. The latter is an operation in all cases 
" visible. The stream, as it precipitates itself over 
" the rocks, hurries along with it, not only sand and 
" gravel, but occasionally large stones, which grind 
" and wear down the rock with a force proportioned 
u to their magnitude and acceleration/' 

1 19. Thus far I perfectly agree with Mr. Playfair; 
and I shall dwell for a moment on the consequence 
of this operation. It is certain, and I had myself 
remarked it, that when the rain waters began to 
assemble in torrents among mountains, they found 

. in their course abrupt sections q frocks, whence they 
precipitated themselves in cataracts ; as also cavities, 

. which they must have filled up with such materials as 
they were carrying along with them, .before they could 
convey farther any portion of these materials. This 

I indeed 
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fedteed Mr. Playfkir acknowledges ; but here he for- 
gets what I remarked (§ 97- a.} that he had founded 
his theory of the hollowing out of vallies, by the slow 
but lortg " eoiitinttted &<*ti6n^ of the funning waters, 
'bri the circumstance ttiaf/^ all of thenrtogether form 
€C a sy&Pm of vallie£#taTunuHicating wkh One ano»- 
" thfci 4 , i fcrfd' having stvokft toice adjustment r, f their 
" declivities, that : n&nV^f : the?n join tkt principal 
" waltey, either on too high or too hwja*l$vel? Aftefr 
quoting this passage^ I observed that Mr. PVayfafir 
liad very correctly stated \Vhat ought to be the florae, 
in order to make it appear probable that " all rallies 
V weri fttekfaflc 6$ the streams that flowed mihein ;" 
,btftth& he<{iad forgotten what might to be, when he 
, 'Jeafao^to <$Wfyport his opinion -.by actual fects; for ail 
the cataracts, * which have' fallen, and are stilt falling 
-down the sides of thfe principal vallies, manifestly 
:$howthart som& lateral mlk}/ had joined them on too 
rJ/igk a leveL; and all the/darkies, which are filled 
lip by water, or alluvial earth, make f it no less evi- 
dent that streams had there joined them on too lmr r a 

s' 

level Here then we have orig'mal inequalities still 
existing in v allies, -winch running waters, far from 
having produced the- vallies themselves, have hacLa 
tendency to efface: but, even supposing that these 
inequalities should have altogether vanished, these 
effects, from, the traces left behind them, woulcl 
be perfectly . distinct dmttx the formation of vallies. 
Mr. Playfair's opinion/ therefore, that these inequa- 
lities aire tending to be effaced, has no connection 
with the system that the vallies have been thus pro- 
duced ; and it is under this point of view that I shall 
examine the following passage, § 322. 

" The 
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" " The sniboth surface of the roclra in ali xkiaterftdls, 
•* their rounded surface, add curious &ttraVations, 
€ * are the most satisfactory proofs of the domtant 
attrition which they endure ; and* whert the rocks 
are deeply intersected, these marks often- teach to 
<c a great height above the level on which the water 
€< now flows. The phenomena, in Such instances, 
" are among the- arguments best calculated tore^ 
move all incredulity respecting thd waste which 
rivers have -produced, and are continuing to pro- 
4€ duce. They suffer no doubt to remain, *that the 
height and' asperity of every waterfall are conti- 
nually diminishing ; that* innumerable cataracts 
*' are entirely obliterated ; that those which remain 
<€ are verging toward the same end; and that the 
Cc falls of Montmorenci and Niagara must ultimately 
€c ' disappear." ■.■'■*' 

120. It is evident that this is quite uhednnected 

Mrith any proof that running waters have produced 

^he vallies by erosion of the land ; we are told only 

^Jiat " constant attrition" wears awa^ the original 

<c asperity" of the rock. But is this operation really 

tarried on, in the manner described by Mr. Play fair? 

By no means; and he might have seen, in my second 

Letter to Dr. Hutton, that numerous waterfalls have 

been obliterated, and are tending to obliteration, not 

by the erosion of the rocks, but by the accumulation 

Of the materials brought down by torrents, under the 

form of semi-cones. And with' regard to waterfalls, 

*vhich do not propel large fragments of stone, after 

they "have oncerounded the edge of the rock, they are 

v..* " I 2 S9 
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so far froix* Turing it dourf y that they flow only over 
the, npw> >yhicU thgy ppFi^it to grow upon it ; a case 
which I h#$e observed >i^ ^Himerous< instances, and 
particularly Jn tiie fall; o£ tfefc. Elbe T qeas its source, 
141 the Giapt?& Mountains*. In the letter above-men-* 
tioneqt, .1. introduced the description; given by ]\L 
Ramokb; ©e, C^AB>bq^ni£R£ of the fall of the 
Adour at .UVaTO^Sr Aigues, in tlie Pyrenees which, a* 
he observes* has " laid aside its ancient fury/' and 
suffers vegettftftift to spread nearer, and nearer to it» 
course ijrflVflfy pm% After thi* digression on th* 
iub3^t^£;M^i^K ^hkh h?& evidently no favour- 
able wimectiop wfthftb^ ky pptfyesis of tfte production 
*£ vftU*es;by ru»«l»gi,yfa^s, Mr. Pkyfefr return* 
to the./otov £*$ fcb^ proc^ds *. 

" Though there can be no doubt oS .tite justness 
" of the preceding conclusions, when applied to 
** lakes k% general, s&n>e apparent Mceptians occur y 
M m whifh- the progress qf draining and Jilting up 
" seems to have been suspended, Qr emn to have gone 
" in a contrary- direction. These exceptions €onsist 
" of t-he lakes which appear to lia^e ixeeived a greater 
" quantity of materials than was sufficient ' to ftave 
* filled them up. ... Such, for example, is the lake of 
" Qencva, whigh receives the Rhone descending 
u from tbe. Vallate, ose of tlie deepest and longest 
• c rallies ow the surface of the earth. Now, if thb 
" valley, or even a large proportion of i*, had bee* 
**' excavated by the Rhone itself, as our theory k*& 
" us to suppose, the lake ought to have been entirely 
" filed up } because the material* brought down by 

"the 
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1 the river seem to be much greater than the lake, 
on any reasonable supposition 4ttK&rning its ori- 
ginal magnitude can possibly have received. What, 
then, it may be said, has become *rf all that /the 
Rhone has brought down and deposited in it? 
The lake, at this moment, retains, an some places, 
the depth of more than 1 000 feet ; and yet, of all 
that the Rhone carries into it, nothing but thepune 
water issues. If it has been continuing to diini- 
** nish, both in superficial extent, and in depth, from 
** the time when the Rhone began to run jflto it, what 
44 must have been its original dimensions? I cannot 
pretend to remove entirely the difficulty which is 
here stated ; yet I think the following remarks may 
u go some length in <Joing so." 

* 

121. We come at length to the critical pdint off 
the question, which, as far as relates to its nature, is 
very correctly stated by Mr. Playfair ; although, in 
«ome respects* the " difficulty" is not brought forward 
ia its -full foisce^ as I propose hereafter to show : but 
here a more .essential remark presents itself. It is 
merely as aa " exception" that he speaks of the lake 
of Geneva ; it was, therefore, incumbent on him to 
prove in what way it formed an exception to every 
other {rfie&omenoa that was observed of the kind. 
He iurasetf acknowledges that he " cannot pretend 
u to remote wtirdy the difficulty,;" but is this a case^ 
where we ought to anest satisfied wkh attempts alone? 
4 case, where it is sufficient to make a few "remarks," 
which >uay go mmt iengtk only towards removing the 
tbjectioa? This is an important question, on which I 

must 
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must dwell, before I proceed to notice the mannet 
'm which Mr. Playfair has attempted to obviate it 

1 22. In my first geological work, I had already 

• opposed the actual existence of lakes to every theory 
of the earth, which assumed the formation of vallie^ 
by running waters ; an hypothesis always found asso— 
ciated with some other, to which it is intended as » 
support. In itself, therefore, this forms a very im- 
portant point ia geological science ; but in Dr. Hut— 

; ton s theory, especially, it is a point of tlie highest 
consequence, His fundamental object is to prov^ 
that our present continents are undergoing destrue— 
(ip)i^ in order to supply the ocean ztitk the materials 
qf future continents, Tlus is the very " law 
" changes" which, according to Mr. Playfair, should 
be the only object of the geologist, Sq strange a 
proposition ought to be established with all the evi- 
dence that facts are capable of affording, before geo- 
logists should submit to such a decision ; and this 
we must always bear in mind, duripg our e^jtfpinatiqn 
of Dr. IJuttpn's theory, 

123, The only foundation then for this " law of 
'■' changes," as applied to an alternation of conti- 
nents on puy globe, is the hypothesis that these, 
which we npw occupy, aye suffering destruction, in 
prder to sijpply the ocean with the materials of others 
which are tq succeed them. For this purppse, it is 

• assumed -that all Qijr present mountains were formerly 
continuous masses, of a much greater magnitude 
$nd cleyation than they now possess ; and that, ljy 
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the action of running waters, they hdve l>een divided 

into ridges, between which, are found . the chasms 

caJled vallies. This, indeed, is the opinion of all 

those, who have ascribed the formation of vallies to 

a similar action ; but in the iluttonian theory it is 

aa absolute requisite; and we have already seen 

Mr. Playfair expressing himself to this lefiect, wherfc 

he supposes that the materials, which are missing in 

those vacant spaces, have been gradually transported 

from higher to lower levels, and finally delivered into 

the sea, there to form those mineral strata, destined 

to become new continents. In my Letters .to Dr. 

II ui ton, I had opposed to the whole of that system 

the cavities of the lakes, which still exist along the 

•courses of so many rivers, aad more particularly on 

*hose of the principal streams which issue from the 

Alps; cavities zvhich must fiave been Jilted up,, if the. 

vallies in which rivers Jloxv had rjeally been expaxated 

by jthtvi, 

124. I do not believe that a stronger and more 
Peremptory objection can be adduced against any 
hypothesis ; and it is evident that the theory must 
foil, ufiless this objection lie no less peremptorily re- 
moved. Such a task was indispensably incumbent 
on Me. Playfair ; yet, in the passage last .cited, we 
have seen him decline the attempt, and content him- 
self, as if it were a point of very little consequence, 
«vith offering " remarks, which may go some iengtli' 
«mly towards obviating the " difficulty,/' to remove it 
entirely he acknowledges his own incompetency; 
*#d that bis efforts, so far as they go, are in no degree 
' successful, 
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successful, I shall now proceed to prove; not so 
much because I think it necessary, as because the 
objects, which will present themselves by the way, 
are of an interesting nature. 

" // is certain? says Mr. Playfair, " that from 
u the present state of the lake of Geneva, and oi 
il the ground round it, we can hardly draw any i&~ 
" fcrence as to its original dimensions. Saussuf e 
" has traced, with his usual skill, the marks of tt* e 
u course of the Rhone, on a level greatly above ti* e 
" present^ and, by observations on the side of Mou*** 
" Saleve, has found proofs of the running qfrvatef* 
" at least 200 toises above the present superficies 0* 
" the lake. But, if ever the superficies of the lalc^ 
" stood at this height; or at this height nearly, though* 
" we can conjecture but little concerning the stat^ 
" of the adjacent country, which no doubt was als£^ 
on a higher level, the lake may very well be sup^" 
posed to have been of far greater dimensions thar* 
" it is now. It may have occupied the whole spac^ 
" from Jura to Saleve, and included the lake o£ 
" Neufchatel ; so that it may have been of tnagni~ 
" tude sufficient to receive the spoils of the Vallais, 
" which, M the surface of its waters lowered, may 
u have hem washed azvay, and carried down to the 
" sea. Thus it may have afforded a temporary re- 
" ceptacle for the debris of the Alp$> and may have 
" served for an entrepot, as it were, where those 
" debris were deposited, before they were carried to 
" the place of their ultimate destination," 

125. Such 
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1S5. Such is Mr. Playfair's first attempt to M i**- 
" move the difficulty ;" and his hypothesis appears 
to have some facts to support it ; but at the very out- 
set he has fallen into a mistake, because he is not so 
well acquainted as I am with the spots which he 
describes. " It is certain," he says, " that, from the 
" present state of the lake of Geneva, we can hardly 
" draw any inference as to its original dimensions." 
Now the contrary of this is " certain ;" and he has 
himself introduced a circumstance, which will enable 
Us to ascertain " its original dimensions" with the 
greatest precision. " The sediments of the Rhone,* 
**e had justly observed, " appear clearly to have 
* c formed the valley through which it runs, to a dis- 
Cc tance of about three leagues at least from the 
Cc place where the river now discharges itself into the 
m% lake. The ground there is perfectly horizontal, 
** ' composed of sand and mud, little raised above the 
*' level of the river, and full of marshes" The 
alluvial land of rivers, deposited at the entrance of 
lakes, points out, in the most irrefragable manner, 
the original level of their water, and very accurately 
determines their first dimensions. When the level of 
a lake has sunk, in consequence of spontaneous or 
artificial draining, the alluvial land, which had been 
deposited, is found to be higher than its surface ; and 
Mr. Playfair adduces an instance of this in the alluvial 
land, which has divided a lake in Cumberland, and 
" is at present twelve or fifteen feet at least above 
$i the level of the water** on each side ; a circum- 
stance which he ascribes to " a quantity of water of, 
u that depth having been drawn off by the deepening 

" of 
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**of the issue at O'usc-Bridge." The level, .there- Ifo 
fore, of the Lake of Geneva has not sunk, since the L 
pluvial land of the Rhone at its entrance is " littk 
•*' raised" above its actual level. Its " original di- 
■*' raensions" are also at the same time determined, 
by the space which it at present occupies, including 
with it the above new land of the Rhone, and all 
such as have been formed by the other streams which 
^discharge themselves into it ; since nothing can be 
more distinct than the nature of those alluvial soite 
from that of every other ground in the vicinity of ih& 
iake, and sincq, like the lake, those soils are " ho- 
" rizoataJ." 



I-2S. Mr. Playfair was led to form the above h; 
pothesis by a mistake of M. de Saussure, who im^^ 
.gined that he had perceived traces of a current " o^ 1 
4t the side of Mount Saleve, 200 toises above the sa -~ 
%i pcrficies of the lake," If what he observed weix^ 
traces of a current, they were not those of the level 
of a lake, the waters of which have no perceptible 
current. Neither was it of the lake that M. de 
Saussuse was speaking, but of a real current, of that 
which lie called the debacle) by which expression he 
meant nothing less than the retreat of tke sea from 
the surface of our continents, when it took possession 
of its present bed. But he was mistaken when he 
imagined that he saw any effects of that great cur- 
p rent on the side of Mont Sajeve, I have often ob- 
served the excavations of which he speaks, and have 
perceived ia them a very differed phenomenon, 

-.'.-. frequently 



.frequently to be noticed in the abrupt ftce* of cftlct- 
reous mountains, which I shall here describe. 

127. The phenomenon, of which I am speaking, 
clearly indicates the cause of all abrupt faces of 
mountains, both on the sides of the vallies, and to- 
vrards the plains, viz. fractures of the strata, suc- 
ieded by partial subsidences of the separated mas- 
is. The interval between Mont Jura and the op- 
posite mountains, (one of which is Salfoe,)-* tract 
of country in which is comprised the basin of the 
1 ake, was produced by a considerable subsidence ; 
*>xi each side of which the masses of strata, remain- 
ing on a higher level, formed those mountains, where 
fcliey are now found in the greatest disorder. That 
**iass of strata, in particular, of which Mont Sal&ve 
l s composed, is abrupt and precipitous where it fronts 
the lake, while the strata descend rapidly on the op- 
posite side ; it has, moreover, a fracture across its 
breadth, forming a dale, in which is situated a vil- 
lage called Monstier. By this fracture, Mont Sal&ve 
is divided into two parts, which bear the names df 
Great and Little Satiive. The strata of the latter 
are much inclined, in the direction of the length of 
the mass, towards the valley in which runs the 
Arve. Now, during the catastrophe of the great 
subsidence of the strata on the side of the lake, two 
strata, at different heights, on this face of Little 
Sal&ve, having been fractured farther inward than 
the others, left cavities between them, in their 
fall towards that space; and thus were formed two 
galleries as it were, one above the other, « which are 
. ., called 
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tailed Les Vaults. These galleries are what M. 
Saussure termed the furrows of the debacle. Bi 
besides that the cause which I have just assigned 
them is very visible, and that I have seen many oi 
similar nature on the abrupt faces of other calcarec»m 
mountains, these galleries have a gradual descent, in 
& direction opposite to that of the course held by tie 
iHbacU % when it issued from the Alpine vallies, 

128- Again, to suppose the level of this lake to 
have stood " 200 toiscs above its present superi?- 1 
eies," would answer but very imperfectly the end < 
proposed ; although, indeed, on that snpposition, it 
would have comprised the three lakes of Neuckatel, ' 
Morat) and Bimne. For Mr. Playfair was mistaken, - 
when, in order to calculate the quantity of materials, 
which the Rhone, if it had excavated its own chan- 
nel, should have brought down into this space, he 
confined his attention to the valley where its main 
stream flows. He knows, indeed, that large rivers 
do not " consist of a single stream, n but that they 
are " divided into many branches, which are. again 
" subdivided into an infinity of smaller ramifica- 
4< tions ;" and, with me, he has considered all these 
«is holding their course through a u system of vallies.** 
Now, in this case, he might have applied Ijg the 
whole " system" what he had said of the principal 
valley, that it is " one of the Aiepest and longest oil 
" tlic surface of the earth." This, therefore, ought 
not to have escaped hi* attention. Moreover, the 
Hhone is no doubt the largest of the rivers which flow 
in that space; but it is not the only one, since many 

others 
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qfhers traverse it, &uhig from the Vjejry laige T*UjM 
of Jura ant) of the Alps*; so thai ,pq. elevatiop qfi 
" 200 toises above its present level" would re^Jjf 
bear but very little proportion to the increase of j^ 
oancits in that immense system o£ vullies- 

9 

129. lastly, the notion of a "temporary recap* 
" tacle tor the debris of the Alps, which, as the lake's 
" surface lowered* may have been washed away, ap4 
" carried down to the sea," is perfcctiy inconsistertf 
with what Mr. Playfair him^lf says of the nature of 
tlluvial land, lie tirst imagines the basin of the 
take to have been filled up with these d$bris x to the 
Insight of 200 toises above its present level; now k* 
what state, by his own account, would sucb a.spi) 
be? % We have seen hhn thus describmg.it: " Where 
'' any considerable stream enters a lake, a flat mca- 
u dew is usually observed increasing from year to 
t( year. The soil of this meadow is disponed ia ho- 
rizontal strata: the meadow is terminated by u 
H marsh ; which marsh is acquiring solidity, mid is- 
'- soon to be converted into a meadow, as the n*ea~ 
" dow will be into an arable Jietd" Such, indeed, k 
the alluvial land of tlxe Rlwne, at the entrance of the 
lake. Supposing then this alluvial land to have beeu 
originally formed at a level more elevated by 200 
toises, and, in the lapse of millions of years or 
tfges, to have spread gradually, at the same height, 
so far as to have tilled up the whole basin, what would 
haw taken place, if tl>e Rhone had afterwards low- 
ered itself to its present level? That which, always, 
takes place, when rivers are forming their alluvial 

land, 
1 
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land, if, by anjtepontaneous or artificial c*u&, their - 
level sinks; it' would hlave (Reserved, through the 
whole space, a channel proportioned to its volume £ 
and, 4o use Mr. Playfair's own expression, the lake? 
would have been " changed into a river" which 
then, in lowering its bed, would have simply formed 
slopes on its banks, similar to those which I have 
described ; all the rest of the space would have oon- 
f intied in a fixed ftate, and the other streams which 
passed through it would in like manner have pre- 
served their respective channels. : 
• « . . 

•ISO. It thus appears that in all this display of 
means, for presenting the phenomena* of the Lake of 
Geneva as an " exceptiov? to what Mr. Playfair 
considers as a general case, there is nothing tending 
to " remove the difficulty," the reality of which he 
has himself acknowledged; the lake remains in every 
respect the same as other lakes, exhibiting chrono* 
meters at the mouths of all the rivers which enter it ; 
and it should seem that he had particularly avoided 
all notice of that chronometer, which he himself could 
not refuse to admit, when describing the " horizon^ 
" tal ground, three leagues" in extent, commencing 
from the spot where the Rhone discharges its waters^ 
and including the ancient Portus Valesiae, which, 
having formerly stood on the margin of the lake, Is 
now at " half a league's'' distance from it. But 
Mr. Playfair himself has no great reliance on these 
means ; and that for a reason, which he afterwards 
proceeds to mention, § 325. 

" But 



4£ 

4« 



U 



*27 

M But tt* great depth? hfe says, r,<< ^d> tKe fck* 
1ms at present, still remains to tie eJrpfained; tic- 
cause no mud or gravel could be carried beyond 
the gnlf, of a thousand feet deep, which was here 
Teady to receive it. The reality of' this difficulty 
'* must be acknowledged; and some ccmse seems to act, 
" if not in the generation, yet eertefinly in the pre- 
i€ servation of lakes, with which we are but little 
acquainted. We.can indeed imaghie some causes 
of that kind to occur in the course of the degraid- 
t€ tion of the land, which may produce new tekes^ 
u or increase the dimensions of the old. The wear- 
u ing away of a stratum, or body of strata, may 
u lay bare, and render accessible to the wattr\ 
t€ some beds of mineral substances soluble in that 
u fluid. The district, for instance, in Cheshire, 
<c ivhich contains rock-salt, extends over a tract of 
4C fourteen or fifteen miles, and is covered by a thick 
<c stratum of clav, more or less indurated, which de- 
** fends the salt from the water at the surface, and 
preserves the whole ipass in a state of dryness. 
Should this covering be broken open by any natii- 
** ral convulsion, or should it be worn area)/, as it 
'* must be in the progress of the general detritus, th*2 
t€ water would gain admission to the saline strata, 
Cc would gradually dissolve them, and form of course 
a very deep and extensive kike, where all was be- 
fore dry land. This event is not only possible, but 
it should seem, that in tl>e course of things it must 
necessarily happen. 

w Something of this kindmay have taken plaee in 

;f tha 
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" the traqk of the Rhone, and may have product 
" the Leman Lake* It is not impossible* that, at * 
" very remote period, the Rhone descended from the 
" Alps without forming any lake, or at least any lake 
" of which the remains are now existing; and this 
" supposition, which is more probable than that of 
" § 324, we shall soon find to be conformable to ap- 
" pearances of another kind. The river may have 
" worn away the secondary limestone strata over 
" which it took its course after it left the schistus of 
" the mountains; and, in doing so, may have reached 
" some stratum of a saline nature, and this being 
" washed out, may have left behind it a lake,, which 
" is but modern compared with many of the rewfo- 
" tions that have happened on the surface of the 
" earth. (Note. — There are salt springs fit Bex, 
" near Aigle, about ten miles from the head of the 
4< lake : saline strata, therefore, are probably at no 
" great distance.) 

" This explanation is no doubt hypothetical; but 
" it is proposed in one of those cases, in which hy- 
u pothetical reasonings are warranted by the strictest 
u rules of philosophical investigation. It is proposed 
" in a case, where the causes visible to man seem in- 
" adequate to the effect, and where we must there* 
" fore have recourse to an agent that is invisible. If 
" the operations ascribed to this agent are conform- 
" able to the analogy of nature, it is all that can in 
u reason be required." 

131. And here I stop in the quotation; for Mr. 

Playfeir 
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Playfair, who could scarcely hope that thjs Occdriftt 
of fee phenomenon wouldT be easily received, pro- 
ceeds to make other attempts towards explaining the 
* difficulty," by which we shall be led to a new find 
very extensive field ; and into that we cannot conve- 
niently enter, till we shall have attentively examined 
his mode of conducting the present afgumeht, which, 
ke tells us, is " warranted by the strictest rules of 
u philosophical investigation.' 9 1 feel no hesitation 
in taking Mr. Playfair himself for a judge, if he be 
willing for a moment to forget the interest which he 
Aaturally takes in his friend's theory; for I do not 
doubt that he will then see to what these " rules" 
really lead; surely not to speculations, when such 
facts may be consulted, as I am now about to State* 

1 32. Dr. Button's theory, considered only in those 
points on which it agrees with many others, assumes 
that the ridges of mountains have been cut out from 
i mass, originally continuous ; and that it is only by 
Ate slow erosion of running waters that the >al lies, 
vhkh separate these ridged, have been excavated. 
We have seen what Mr. Playfair has said on this 
subject Such an operation might, perhaps, have 
required millions of years ; but this is not considered 
is forming any objection, since the past is inexhaus* 
ible. To the above hypothesis I have not, therefore, 
ipposed the length of time, but positive facts; by 
pme of which I have shown that the waters could 
lot produce the effect ascribed to them, and by other* 
hat they actually have not produced it Among 
hese facts, some are decisive in their kind; I mean 

K * * the 
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the lakes observed on the 'course -of the .great riven 
issuing frota . the mountains, phenomena which fur- 
nish two distinct arguments against this 'hypothesis. 
In the first (place, if the v allies had been bellowed out 
by the wasters which enter these lakes, iloe latter would 
no longer >exist as such, but would be filled up by the 
materials -brought doum into <than^ and .secondly, the 
materials rreaUy brought cdown by those waters beiog 
deposited in the lakes, their whole quantify is viaihlev 
together with that -of their increase within a knowi* 
period df time; andon^teocipairiqg these two jquanti- 
ties with each other, at becomes evident tthaUitf «a- 
tiy Mges have ektpsed, since the period at which the 
rivers, conveying these materials, began to flow. 



1 53. Mr. Playfair himself remarks the progress o 
the alkrvial land formed % the Rhone at thetentoance 
of the >Lake «tf Geneva ; and when he would defend 
his hypothesis from the evident consequences of this 
feet, how does he attempt it? Hehas recourse to an* 
other hypothesis ; supposing that this lake forms an 
" exception," and that itscavity has been, produced by 
the dissolution of a " tsalinc stratum/' Unless I am 
much misfeken, ^a^very different. mode.of ^proceeding 
fchMUd have been prescribed .by ithe " rules of f phi- 
" flotophical ruwe#tigation," 4n <a point .of so muck 
imp&FteOce in geobogy. tfiefbre an hypothetical teoi- 
ptenatiwrofdrty; phenomenon can be admitted, ilis 
ftwcssury first to ^prove the existence of .that,pheno* 
tn«tfon,'4atid»then/to«4ihowthat it cannot be .ec^plained 
% wiy known jfatf. Now, with.regard.to .the .for- 
trtCripoint, «tAe.phen«manon.here^nnounced.is itself 
8 only 



131 

wty hypothetical ; it is supposed that the Lake of 
Geneva forms an " exception 9 ' to all other lakes ; 
whereas it was necessary to prove that it did in fact 
fcrm * an " exception/' Instead, however, of at- 
tempting to demonstrate this, Mr. Playfair contents 
himself with simply referring us to his theory* 
Speaking of the valley of the Rhone, he says, " if 
—this valley, or even a large proportion of it, had 
* Jbeen excavated by the Rhone itself, as our theory 
" kmk us to suppose, the lake ought to have been 
?' entirely filed up.... J cannot pretend to remove en- 
£€ iifdy the difficulty which is here stated." Then* 
after making one attempt to that effect, the conside- 
ration of the " great depth" of the lake. brings him 
again, to " acknowledge the reality of this difficulty," 
and lo conjecture that " some cause must act, with 
** which we are hut tittle acquainted" But why 
*fciould there be such & " cause? 1 ' Because his 
** theory leads us to suppose* that it is the Rhone 
^vhicb has - ll excavated the valley? in which it flows. 

134* Such is the mode of reasoning adopted by 
4f r. -JMayfair : he does not prove thfe Lake of Gene- 
va to be an .." exception" to bther lakis, winch' )•& 
4ba true "rules of philosophical iriveatigation^ would 
feave required; but He supposes it, befcAuse mrch aft 
assumption was necessary \6 his theory. Thus he 
thinks it allowable to hazard the conjecture that there 
formerly existed z. ''saline* stratum" -oh the spot, the 
dimensions of which were 22 leagues in length, 8 in 
its greatest breadth, and, in some places, from seven 
to eight hundred feet in depth; that it was subse- 

k 3 quently 
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quently ta the dissolution of this mass that a deep 
and extensive lake was formed, an event " which id 
" but modern, compared with many of the revohi— 
" lutions that have happened on the surface of th^ 
" earth ;" and that the Rhone has only since thaJft 
event begun to accumulate the sediments found 
the entrance of the. lake; by which hypothesis 
might indeed be enabled to trace back the commence- 
ment of that particular operation, but by no means 
to ascertain the epoch of the birth of our continents* 
This chronometer, then, is set aside, as applied to 
the latter period ; but with as. little reason as a per— 
son would have, who, in a debate respecting the time 
of the day, should object to some particular' clockv 
under the pretence that it was an exception, anc£ 
should attempt to assign a reason for its being tocw 
slow, while it was really keeping pace with all the^ 
other clocks of the country, and with the sun. Thi^" 
comparison is just; for, with regard to the commence** 
ment of the existence of our continents, the chrono^ 
meter mentioned by Mr. Playfair himself, at the en- 
trance of the Lake of Geneva, accords, not only 
with every one of those found at the entrance df 
other lakes, but with all the different kinds of chro- 
nometers which I have pointed out along the courses 
of rivers, and on the coasts, and in general with everjf 
effect which must have begun to take place on our 
continents at their birth: all these chronometers 
agreeing in th$ir evidence that our continents have 
not existed during Buy, greet number of ages. 

135. lam well assured that Mr. Playfeir wouW 

not 
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not have indulged himself in such conjectures, if the 
chantry around Geneva had been as familiar to him 
as it is to me: for he acknowledges that he has re- 
course to an " invisible agent' 9 for the production of 
this great cavity, only because he conceives that no 
" cause visible to man' is adequate to such an 
effect; now he could not have entertained this no- 
tion, had he been acquainted, not only with the 
mountains which surround the lake; but with the 
vallies which terminate there, and indeed with the 
whole assemblage of the vallies and lakes of Jura 
and of the Alps. I shall even venture to affirm, 
that, if he were unbiassed by the theory which he 
defends, the accurate descriptions of the mountains 
which encircle these Jakes, $uid border the vallies, 
contained in M. d$ Saussure s Poyages dans les Jlpes, 
(a work which b known to him, and on which he 
bestows a great and merited eulogium,) would have 
furnished him with " visible" signs of a " cause" that 
has equally produced both the vallies and the cavi- 
ties of lakes. With the hypothesis that running 
waters have formed the vallies, Mr. Playfair cannot 
persuade himself that the latter and those cavi- 
ties have a common " cause;" for running waters 
cannot excavate below the level of their course : ac- 

9 

cording to his system, therefore, the cavities of lakes 
must be posterior to the existence of vallies, and 
must have been produced by a different " cause ;" 
and if no one which is " visible to man" can be 
found for this purpose, recourse must be had to an 
u invisible agent." But I have shown, in some of 
my works, that the theory of vallies, which renders 

necessary 
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necessary the adoption of this arbitrary cause, h dfr 
yoid of all foundation; yet the arguments which I 
have adduced oq this subject have been oVeflobJfed 
by Mr. Playfair. 

<■ 136. Here then is one of the mqst ipaportati 
questions in geology, to a deep discussion of whici 
we are led by the opposite opinions pntertained cdrf- 
cerning it; nor can too much attention be be'stpwet 
upon an (examination of it by facts , considering to 
length of time that has elapsed since the facts, whkft 
should have decided it, haye beer* known, I at? 
well acquainted with fcll the spots described by SC 
de Saussufe, and can bear testimony to the accurwj 
of his descriptions : I shall, therefore, make use & 
these alone, confining myself to the basiftt and ity- 
piediate neighbourhood of seven lakes, Abated at te 
small distance from each other, but crossed by ri'vert^ 
which issue from different yallies. I shall begirt 
with the circumstances which relate to Ihie Lake if 
fieneva, and then proceed to those of the lake's <rf 
Joux x NcucHatdy Bienne, Mor6t, Jfiftecy, nttd 
Bourget. To those, who are Unacquainted with 
thfit interesting country, these description's wHl*prti 
sent, in one view, many 'great geological {hpniutittltfe, 
noticed in different parts of M. de S'aus^Ure's lDhFpbtt- 
^nt travels; ^nd they will, it the 'sai^ie liftte, 'itftffle 
strongly engage the attention of "those jfeftbiis, AVHp 
have already visited th&se s^tftss, or fyrfy h£reaft& 
yisit flieiifi. 

137- Ig prderfe Ije ihWQUghly ^Scqua^Wd trttt 
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the circumstances which respect the Idktvf Gamut, 

it is necessary to take in, that whole space surrounded 

by mountains of which it occupies only a part. On 

the side where the Rhone enters, the lake is separated 

from the mountains solely by the alluvial land of the 

river; but this river, at the opposite extremity, where 

it flows out, traverses a considerable tract, consisting 

of small hills, on one of which stands Geneva. 

This tract lies between Sa/eve, and the part of Jura 

which fronts that mountain ; and the Rhone quits it 

through a defile of the mountains, called L'Ecluse. 

I shall begin the description of the vast circle which 
encompasses the lake with that which is given of this 
defile by M. de Saussure, § 3 1 3 of his travels. 

€c This defile," he says, " is the only one through 
" which the Rhone can issue out of the mountains..., 

II At this extremity the strata of Jura are nearly 
" perpendicular to the horizon ; for the most part, 
M they recede only 1 5* from the vertical line, and dip 

c< to the eastward The strata of Vuache (on the 

" other side of the defile) have precisely the same 
" position."... J confine myself to the description of 
the course of the Rhone at its issue from the moun« 
tains, because I am not of the opinion expressed by 
M. de Saussure at. the beginning of his work, that 
this issue has been cut by the Rhone itself. Such an 
hypothesis is useless, when we consider the great 
disorder of the strata, which, according to the above 
description, appears at this particular part of the 
passage of that river, and is observable along its 
.whole course, and in all the mountains which bosd6p 

it, 
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H, as far as the well-known spot, called La Ptrt$ 
du Rhone. There its whole stream sinks through p 
fissure into a subterraneous cavern; but it again 
makes its appearance through many other fissures* 
flowing at first without any rapidity, amidst strata, 
which are in the greatest disorder. When sucf" 
symptoms of convulsion are visible, we are not sur- 
prised at seeing the Rhone precipitate its waters intc 
the defile of L'EcJu§e t 

138. This extremity of the amphitheatre, closet! 
by the Mont de Sion, which is a continuation q£ 
Vuache, offers nothing sufficiently interesting to re- 
quire description. I shall pass on, therefore, tp 
Mont Sal&oe, against which the Mont de Sion rests^ 
and with which commences that side of (he enclosing 

opposite to Jura. The accurate d e $ cr ipti° n g* ven *)T 
it by M. de Saussure begins § 232, a$d I shall inse^ 
that part which relates to pur subject. " Besides thf 
u large masses of strata, which cpnstitufe the body 
" of the mountain, find pn&y be classed among tbp 
" horizontal, others are fqund, the position of which 
" is absolutely different. These are situated at the 
V foot of the Great Salfae, on the side facing ouf 
11 valley ; where they leap $gajpst the inferior sec- 
f ' tions pf thp fyrizontal strata, $nd are either pyt- 
" pendicular to the horizon, or highly inclined, rfst- 
" tog against fhe mountain... ♦•Jhese strata rise fy 
" some plapes, for instance, betweep Veiry and Cre- 
" vin, nearly tp half the hpight of Great Salfeve; 
* f those in immediate contact with the mpuntairi are 
*' the ipost inclined. §oipe of the strata are vertu 

cat, 
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" cat, and some even inclined in a contrary direc* 
* tion, being supported by those which lie more out* 

" wardly ; these last form an angle with the horizon 
" of from 60 to 65 degrees. These strata are in a 
u great degree continuous, and extend to a consider- 
" sl ble distance. Their aggregate mass forms a thick 
" rampart at the foot of the mountain ; that they 
have been fractured is, however, evident; and 
In some places they are totally lost. This circum-r 
stance is favourable to observation ; because, by 
taking our station in the intervals, we can see their 
** sections, and the whole of their structured 

1 39* I shall not transcribe the conjecture hazarded 
hy M. de Saussure on the subject of these pheno- 
mena, which follows this accurate description of facts, 
more particularly as he afterwards changed his opi- 
b\oi>. At the time when he wrote, he supposed that 
those vertical or highly-inclined strata might have 
been formed in their actual position ; but we arp in- 
debted to himself for the first proof that all mineral 
(Strata were originally horizontal and continuous, and 
that their present state is to be ascribed to subsequent 
catastrophes. The mass of strata found overthrown 
at the foot of Sateve, is the phenomenon of which I 
spoke, §12?, as proving that the plain intersected 
by hills between Salfeve and Jura, as well as the whole 
tract of country in . which the lake is comprised, has 
been formed by a great subsidence of the strata ; the 
basin of the lake being thepart where the most con* 
siderable depression took place. This phenomenon 
will often be noticed in the descriptions which I shall 
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transcribe from M. dfe Saussure ; aijd it is frequently 
observable, not only in those sections of the moron- 
tains, which face the plains and the lakes, but like— 
wise on the sides of the vallies : this similarity oi 
effects proving the truth of my remarks with respect 
to the identity of the cause, The strata which resC 
thus, vertically, or with a considerable inclination* 
against abrupt sections of the strata of the mountains^ 
indicate the place of the fracture ; and those other* 
which dip in the soil, or under the water of the lakes* 
are parte of the mass of the depressed strata, which 
have remained supported on the sides of the cavity, 
in which the subsidence took place. This will here- 
after appear evident. 

140. It would occupy too much time to follow M» 
de Saussure through the whole of his description of 
the tract of country of which I have been speaking ; 
every part of it, however, is characteristic of the 
cause which I have indicated; but a full considera- 
tion of it would engage us in further details respect- 
ing causes; for we have here a theatre, exhibiting 
catastrophes after catastrophes, during the intervals 
of which, strata of sandstone were formed upon 
others of calcareous stom, which had previously sub- 
sided; and these afterwards together underwent new 
catastrophe*, in which a considerable quantity of gra- 
pnel, and of blocks of granite and other primordial 
stones, was disseminated over the whole of this sctpy 
of ruins. I shall, however, select some distinctive 
circumstances ^f these {phenomena, beginning wstb 
4he .description of a mountain contiguous to Sal&ve, 

but 
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but nearer to the lake; from which it is a league dis- 
tant, though forming a part of that chain of moun- 
tains by which the lake is surrounded. Thfc mdtln- 
Jain of which I am speaking is called Les Voirotis? 
the river Arve> issuing from the environs of Mont 
plane, passes between it and Sal&ve, and not enter- 
ing the lake, but pursuing its course at somfc distancfe 
from its extremity, it mingles its waters with those df 
the Rhone, which has already issued from the lake. 
The bract of country between the latter and Lfefc 
Yoirofts con&ists of a plain, lying behind the hilft 
which border the lake. The Motrin^ is the descrip^ 
tion which M. de $aussui*e givfes of this mountain, 
$274. 

c< This mountain differs from SateVe both ih its nfc. 
a tufe and in it& outward appearance. It is almost 
fl Entirely composed of grit, of a greater or less de- 

" gr'ee of hardness Its strata arfe inclined tbwattfe 

• 8 the valley of Boege, ivhich separates Les P'oiforts 

" from the chain of the Alps. Thte banks df Sa- 

\ :i fevte (opjjxteite the abriipt face) toe inclined to\Vattfc 

* c the &tale side; but the declivity of Ltes Voirons fc 

" foiorfe rapid; in many placfes, for instance, behind 

''the tilths 6f the convent, it hte ah inclination dif 

"45 ? ...JI have said that the Strata Of thfe mountaih 

ft of Les VoirdhS dre alrhost entirely composed iff 

?' grit or Sandstone; and'! have expfrdssed this re- 

" s^rvfction On account Of a large quantity of limfe- 

*'$fohe, fthich lies hear the southern extremity Of 

'" tKfe hiftbhtfeih, at nearly half its height, above thfe 

" ' vitlSge^f »/ftftmgv. iRi&e strata of limestone arfe 

* " almost 
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* almost perpendicular to the horizon, in a direction 
" from cast to west; the outermost strata are thin* 
" and intermixed with clay ; but the innermost are 
" compact, and of considerable thickness/' 



141. Here then are two mountains very near 
each other, which exhibit very different appearances^ 
although the same strata are found in each; for bed^ 
of sandstone are likewise observable on the less in— 

9 

dined face of Saleve, which looks towards the same? 
*ide. And with regard to the strata of calcareous 
Stoqe pf Les Voirons, my brother, who is well ao~ 
quainted with every part of that mountain, has traced 
the summits of their sections along its whole breadth; 
they rise up through the heaps of rubbish constitut- 
ing that face of it which fronts the lake, where the 
declivity is gentle and gradual. On visiting this 
mountain together, we found by the barometer that 
its height, at the convent, near the summit, is 2800 
feet above the level of the lake. The summit ter- 
minates in a sharp angle, formed by the sectipn of a 
thick stratum of breccia, which is interppsed be- 
tween the calcareous strata, and the strata of sand- 
stone. It is a very just remark of M , d$ Saus- 
sure, that beds of breccia, which separate two classes 
of strata, and pf which the ground is of the same 
nature with the strata immediately following, are 
never found to contain any fragments, but such as 
belong to the strata which precede. Here, the frag- 
ments are of primordial and calcareous stone ; none 
are of sandstone ; for this began only to be formed 
pn the palcareous stone of which its Jirst bed in- 

* * * 
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volved the debris, together with those of primordial 
stones. Now these calcareous debris have evidently 
belonged to the strata on which the sandstone was 
formed ; for, ' in another visit, my brother found in 
those fragments enclosed in the breccia, marine bo* 
dies of a peculiar species, which are also contained 
In the calcareous strata projecting on the declivity} 
namely, palates of a kind of fish. 

142. The breccias were the first phenomenon 
which led M. de Saussure to the interesting disco** 
very that the strata, which are at present so much 
»o lined. as sometimes to be vertical, were yet formed: 
in a. horizontal position : for strata, which originally 
were so soft as to enclose fragments of other stones, 
could not, in any different position, have been formed 
of ail equal thickness; their substance would have 
slidden to the bottom in one mass. ' All the strata, 
therefore, of Les Voiron?, were once horizontal; & 
circumstance rendered equally evident by the re* 
mains of marine animals which thqy contain. The 
calcareous strata had, however, already undergone 
some catastrophes, being covered witfrtfrek own dd- 
bris; mid such catastrophes had extended to the pri- 
mordial strata over which they lay, the debris of 
these last being also found in the breccia; and this 
was their state, when the strata of sandstone were 
formed on them. After the consolidation of the lat* 
ter, they, together with all the inferior strata, having 
been fractured in consequence of a fresh catastrophe, 
a large mass sunk down on the side next the lake ; 
and another on the opposite side, towards which 

those 
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itawitaFtft. ttot retained tie {ptea&t <^iffa 
WR now ittsiinsd; this is the cause ,tif4he aoga* 
tar for pot exhibited :by Les Voirons. Ail doubts on 
t&athead would he removed on visiting the spot; 
*p4 this mountain alone might serve to convince Air* 
£layfcir that the basin of ,the lajke .was produced by 

#e mtmdmce xrf the strata./ 

.. . ♦ 

143. I pass over other parts, also very character** 
iteic .rf. great oat^strophes, and changes m. (he. nature 
of Abe latest strata, which follow Les. Voirons, in 
prdsr tP proceed to the consideration of greater pbe- 
jWtnenaof tte,s^une kind, described. in 4 320 of M- 
fk SauseuseV wotk. 

• ••• • ■ • ■ i" 

*' ;J?rQm<Gmt&£;U) Twwoude, ; the, eastern coasts 

•* c jrf tbpdfrke j*. .^kitted ,by hills of sand?stone and 

■SwwwJted ^ravol, And the mountains, properly, an 

" colled, rW£ still at a. considerable distance from its 

'Stoofes. But. beyond iTour-ronde, the, mountains 

*\%Te aQjfltese upwii the lake, .that it can * he. coasted 

' f \$$l$Axy a wrr«vv c path, scarcely >vide enoughsforjt 

"i tofJe-ftifKas* Here* therefore, the; take,, bondened 

*'::*>$ A*% and iptxwipitous mountains, .no -. longer <ex- 

t €< fe^tefjtos the ,ykvv those smiling hamks andtbeauti- 

-' VfclrtelU^wJWch iSJtirt i the other; parts of its:circum- 

•*":&r$Bftp. : j&ifcad>^«d barren rocks, or overhanging 

'VfaWPtfc 9X€ i it t- tlwt jwiJkd and. gloomy .aspect, .so 

•— ^l^mb^diiy the,author of the ffottyellc Mi* 

.144. : S&>& JWQks.Jieaee.alludedv ta are the .Radioes 

dc 
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it Meilkrie, whk^i present their abrupt sections to 
the lake ; they consist of strata of a blackish calca- 
reous stone, shattered to such a degree as to be 
used only in walls composed of roi^gh stones and 
mortar, or in -laying the foundation of buildings. 
From its extreme hardness, it is well adapted to 
tliese purposes. The quarries are in the cliff; th$ 
atone is blown up by gunpowder, and the "fra^mcints 
fell, at the 'foot of the rock, on a kind of quay wlffcb 
is left there, whence they are shipped. The differ- 
ent depths of this lake, and of the others which I 
shall have occasion to mention, were measured by 
M. de Saussure, with a view to his interesting expe- 
riments on the' temperature of the hpttom'of the lafce& 
ip the vicinity of the Alps; a temperature, which b€ 
found always to be lower, even. in sunp?er, than tha]t 
*tf mines and deep cellars ; .an interesting object of 
Natural philosophy, but one on "which I cannot entefr' 
*B this place. M. de Saussure was "^t. first of opi- 
nion that the earth's .temperature had' been iqis taken; 
but, having gone for the express ptjrpope of making 
Observations on the temperature of ttjle i^ea off /Nice, 
^t the same depth as In the lajce.pf Geneva, he found 

% * ' ft ■ • : i 

it to be there equal to thntof deep cellars. ' One .of 
toy nephews, connecting the law of the dilatation' of 
water by heat, which I have determined in my *Re- 
oherches sur les modifications de f Atmosphere, with 
the temperature of the surface of thqse lakes, in win- 
ter, has, in my opinion, discovered the /cause of the 
constant ilow. temperature of .their bottom ; ,but such 
9 discussion would lead us, too far from our .subject 

145. 1 
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145. I return, therefore, to that side of the laic, 
where, at some distance from the shore, M. de Saus* 
sure found the depth to be 950 feet. Speaking, in 
$ 324, of the whole range of mountains, from Tour- 
ronde to St. Gingough, he says, " These mountains 
"are all calcareous; they are generally precipitous 
" on the sides which front the lake, and, in many 
"places, strata, either vertical, or resting against 
" the bottom of the cliffs, are observable at their 
" bast, as at the foot of Salevc" If, taking our 1 
station on one of the projecting parts of those " pre- 

" cipitous" rocks, we observe the section of their 
dislocated strata which fronts the lake, and the de~ 
tached masses, which, dipping in the lake, presen* 
only their summits to the view ; considering tha 4 * 
these descend below, the surface of the water to th^ 
depth of 950 feet, as those at the foot of Salfev^ 
dfscend to the plain, can we entertain any doubt re^" 
specting the identity of the phenomenon? Certain!^ 
not;, and we are impressed with the idea, that tlie=^ 
existence of the lake is to be ascribed to the depres- 
sion of the strata, . which was greater there than in 
the other parts of that vast theatre of revolutions. 
The same conclusion will certainly be drawn from 
similar phenomena in the following descriptions. 

9 

146. That I may not lengthen them too much, I 
pass from St. Gingough to the neighbouring extre- 
mity of the lake, there to observe the space occupied 
by the alluvial land of the Rhone, which will present 
to us a phenomenon, similar to one described by M.' 
de Dolomieu in the Delta of Egypt, where several 

calcareous 
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calcareous rocks rise above the alluvial land of the 
Kile ; thus exhibiting masses of strata, which were 
kt first in the sea near the coast, being the remains 
of those which had sunk, when the bed of the Medi- 
terranean sea was formed. In like manner, there 
are two large calcareous rocks in the alluvial land of 
the Rhone, which, consequently, must at first have 
been in the water of the lake near this extremity. 
One of these rocks bears the name of Ckampigny f 
and the other of St Tryphon. M. de Saussure de- 
scribes them § 1092. On measuring the height of 
the latter by the barometer, he found its elevation to 
be 246 feet ; and the description which he gives of 
both, evidently points to a depression of strata, 
the disorder of which is manifested by the state of 
those masses that remain exposed to sight. " These 
" rocks," he says, " are not however of the same 
44 kind, and much less of the same structure: for 
w that of St. Tryphon is composed of strata, regular 
'*' and horizontal, or nearly so; while those of Cham- 
44 pigny are highly inclined, and frequently much di&~ 
u ordered.' 9 Were these rocks, it may be ajked, in 
the " saline stratum/' which Mr. Playfair supposes 
to have been there dissolved P If he had seen those 
spots, hiB hypothesis would never have occurred to 
him. But let us attend to M. de Saussure, who gives 
\is, in § 1095, a general idea of the mountains em- 
bracing this extremity of the lalce. 

" The range of calcareous mountains, from St P 
" Maurice to ChtUon, scarcely ever exhibits regular 
<* and horizontal strata; nearly all of them are dt$+ 

L " locahd 
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" located qjid inclined, and appear to have been sub- 

V jected tn.the action of violent causes; for* in my 
'' estimation, depressions alone do not seem sufficient 
<; to account for the Variety of their forms. There » 
" much irregularity also in the positions of theii 
" ahryfit. sides; most of which, however, are turned* 
" towards the valley of the Rhone. That range 
" mountains, which corresponds with these, on 
" left bank of the Rhone and of the lake, is likewise 
" calcareous, and almost equally irregular. M&M55 
"of these mountains, such, especially, as are neercftts 
" to the lake, are very steep, both on the side of 
" lake, and on that o£ the Rhone: the vallies, by 
" which they are separated, appear to divide them 
" into chains parallel to the lake, which stretch in % 
" direction from N. E. to S. W. The mountains 
" nearest to the lake, as I have just remarked, pre* 
«? sent their abrupt sections towards it> while those 
M lying at a greater distance from the lake, and near- 
" est td the centre of the Alps, are inclined towards 
". the latter. The Vat da Lie separates these two 
V. chains of mountains: this rich and fertile valley is 

V m the form of & cradle ; the two chains which bor- 
" der it rise up on e&ch side in a gentle .acclivity, an4 
^Hieir opposite abrupt faces are respectively turned 
"towards the lake and towards the Alps*" 

145. a. Such minute and precise descriptions, 
which, if any dqyfots were entertained of their accu- 
racy, mighjt.batje.riliod on the spots themselves, Ought 
to retrain the imagination^ disposed as. it ever is to 
ereateJWw. hypotheses. Hera assuredly are. pointed 

. .'S i OUt 
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iit to us " visible" indications of the " cause 9 * which 
ftk.a$ operated in the production of vallies, and of 
<Hdr deepest hollows, the cavities of lakes. The 
** abrupt sides," exhibiting " aections" of the strata, 
te the parts where the fractures have taken place, 
'hflfe the void space before these shows a complete 
tibsidence of the mass thus separated ; a subsidence 
#ierally characterised by portions of that mass re- 
-annaihing elevated above the heaps of ruins, such as 
^lie rocks of St. Tryphon and Champigny. This in- 
dicates, as M. de Saussure well observes, more thafi 
^ simple depression or subsidence; some " violent 
* causi* must have attended it, by which the brokeii 
***asses were shaken during their fall. Such a caUst 
^*ill hereafter be manifested by other symptoms ; but 
^ll the facts connected with it tfiust first be assembled 
*** our vie#. In other parts, where any fracture hag 
^CctrtTed, the strata are found simply inclined to- 
wards thfe point where it took place, either on both 
^ts sides, or on one only. The first case is exempli- 
fied in the above instance of the Val de Lie, where 
the strata ascend on both sides, tutning their abrupt 
Sfectioiis Outwards, toward? the lake, and towards the 
Alps ; dnd examples of the second case iftay be 
found iri rtlany vallies, one side of which exhibits 
the abtupt section of the strata, while their inclined 
plants form the other side. On beholding such and 
fco common phenomena, how is it. possible to main- 
tain that running waters have produced the vallies? 
Is not their real cause in a manner " visible?" 

14$. a. The part of this lake which is opposite to 

h a the 



the Alps, and lies under Mont Jura, is very interest- 
ing to the geologist who, already convinced that val- 
ues and the cavities of lakes are the necessary effects 
of successive subsidences of the strata, is desirou 
to traco the formation of new strata after each catas 
trophe, and to ascertain what fresh revolutions have 
taken place, subsequently to the production of th< 
latter ; an object, in regard to which much still re 
mains to be observed, and which requires the multi 
plication of observations and local descriptions. 
But those who enter on this task will do well previ- 
ously to examine the proofs which I shall adduce, 
that their inquiries ought really to be directed to th« 
effects of depressions frequently repeated, and to 
the formation of new strata, in certain places, during 
the interval of such catastrophes. I shall therefore 
omit the interesting description given by M. de Saus- 
Sure, of that side of the lake, where, between its 
banks and the precipitous rocks of Jura, the land- 
scape is adorned with those fertile hills, of which 
there are none on the side of the Alps, and which, 
on account of the variety of their species, and the 
disorder so prevalent in their strata, are the pheno- 
mena which I have pointed out, as eminently worthy 
of study. But here I must confine myself to the 
great features of the catastrophes, as manifesting 
their general nature ; for which reason I pass on to 
other scenes, described in the 16th chapter of the 
first volume, entitled, Les Lacs du Jura. 

147. The first of these lakes, of which If. dc 
jfcusfture is about to give us a description! wiU lead 

us 
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us quite away from that great current, which, ac- 
rding to Mr. Playfair, after having undermined 
schisti and the Calcareous strata, might have diss- 
olved a " saline" mass. We are now on Mont 
ura. at a level of nearly 2000 feet above that of 
lake of Geneva, in the Vatlie des Rousses, in 
hich is the lake of that name, the highest in those 
ountains, and about three quarters of a league in 
ngth. The &mall river issuing from it, called the 
7*Ae, forms afterwards three other lakes, the princl* 
of which is the Lac de Joilv, elevated 1900 feet 
bove the lake of Geneva ; it is about two leagues in 
gth, and half a league in breadth; the mountains 
so close to it on one side, that it cannot there be 
oasted ; and in that part is its greatest depth, which 
de Saussure found to be 80 feet. The seeond 
*^.ke, contiguous to the former, is the Lac de Bre* 
^e£ which is about a league in circumference; arid 
^*he third, of smaller dimensions, but of considerable 
depth, is called the Lacter 9 a corruption, as is sup- 
posed, of Lacus tertins. The division of these 
lakes is occasioned by the disorder of the strata at 
the bottom of the valley, respecting which J shall 
*iow enter into some details, 

148. The Dent de Vaulion is a summit elevated 

X 440 feet above the lake of Joux ; M. de Saussure, 

Speaking of this eminence, as affording an instance 

^>f the convulsions which the strata in that part of 

^font Jura have undergone^ says, § 343, " It is thus 

*' that above the source of the Orbe ' (the second 

Bource, which will hereafter be noticed) " the Dent 

"de 
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" de Vaulion exhibits to the northward thje abrupt 
" section of its highly inclined strata; wjiile oa the 
w other side of the valley, opposite to the Dent, tktf3 
" strata of another chain of rapunt^uis rise abrupt ly*! 
"towards the south." And in §381, "the strat^* 
u of the Dent de Vaulion descend on thp side ue^^— ^ 
u thp Alps, being inclined in angles of frprp 30 
u 40 degrees ; and they are cut vertically on the 
u Aext the valley of the Qrbe, above whjjdp- they fon 
u a frightful precipife" Its depth is ^120 feet 

149. The manner in which these lakes aj*e drainecrrrsl 
jp likewise worthy of the greatest attention ; fhe fol- 
lowing is the account given by M . c!q Sauspuse bi 
tftat remarkable phenomenon. " N^t^e has prp- 
u vided for the discharge of thp My&t$x$ of thpse-^~ 
" lakes, by preparing for them sitbtermfieous fas* 
46 sages, in which they are ingulfed, aojd Iqse thpin- 
u selves. But it is not through wide channels or 
u large apertures that the waters penetrate into the 
" earth; it is through the interstices qf the vertical 
" strata of calcareous stone, which compose the 
" mountains surrounding these lakes, and particu- 
" larly that of Brenel, towards the wc$t and north. 

u The most considerable of these tunnels is the 

u work of nature ; but it has been much irpprpved 
" by art. It is situated to the N. E. on the bank 
" of the small lake, at about the middle of its length, 
" in a hollow of a mouptain of some height, which 
" at that part is close upon the lake, and of which 
u the strata are exactly perpendicular to- the horifson. 
'/ As the \yaters rush i#tp. this fcipd of abyss with 

" considerable 
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" cooftiderable violence, nulla have bee a ^r acted «ver 
" their strewn, below the level -of the kite, 'which 
" are called the Moulins de Bon port. • A strong 
*' dike keeps in the waters of the lake, and a conve- 
*' nient supply may at all times be pfoctnred, by 
Ci means of the openings, which have bear; made in 
*' this embankment, and which are properly managed 
** by a sluice," Before we consider further the spot 
where this water is thus lost, let us. proceed to that 
-where the same river, which had entered the Jake ef 
Joux, makes its appearance in Vai-orbej.*te thcplafe 
usually called its source, swollen by the %f atens which 
enter the three lakes by lateral streams, •• j:. . 

150. The following description is given by M. de 
Saussure of this very remarkable spot. "' A rock of 
" a semi-circular form, at least 200 feet h> 'height, 
" consisting of large horizontal strata, cut down 
"perpendicularly, and intersected by raws of firs, 
" which grow on the cornices formed by the sa- 
" lient parts, terminates to the westward the valley 
" called Val-orbe. Mountains of greater elevation, 
" and covered with forests, enclose this rock on all 
" side*, except where they leave a passage to the 
u Orbe, of which the source ii at the foot of the 
" rock, Its waters, which are p&rfectly limpid, flow 
" at first with majestic calmness over a bed of green 
" moss, (fontinalis antipyretica) but soon the main 
%t current, carried down a rapid J declivity foatms 
" among rocks occupying the middle of its ch&nnd ; 
u while the waters near the banks, less agitated, and 
" continuing to glide over a verdant bed, form a con- 
trast 
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u trast to the white foam in the middle of the stream. 
u And thus does the river again escape from our 
" sight, running through a, deep glen, overgrown 
" with firs, of which the gloom is rendered more 
" striking by the lively verdure of the beech trees 
M interspersed among them. On beholding this 
" spring, we can readily Imagine how poets have 
u been led to deify fountains, or to convert them 

%i into the residences of their Gods The perpen- 

" dicular height of the surface of the lake of Joux 
• " above this source of the Orbe was found on mea- 
*' surement to be 680 feet." The river afterwards, 
pursuing its course, flows into the lake of Ncuchatel, 
near Yverdun, 

151. This is one of the phenomena, by which, at 
an early period, I was convinced that vallies had not 
been excavated by running waters, and was led to fix 
my attention on mountains. I observed it in 1743, 
having crossed those mountains as far as Pontartier; 
after a short interval I crossed also the Alps by St. 
Bernard, and the Apennines by La Bochetta; and 
though I was then but young, the aspect of the val- 
lies of these mountains, and of their summits, struck 
me very forcibly. Since that time, , I have observed 
a variety of phenomena, similar in their kind to this 
second source of the Orbe; and the differences obvi- 
ous in their species have guarded me against deducing 
general hypotheses from particular phenomena. If 
the deep chasm in Val-orbe, which terminates against 
the mountain, or any other of the same kind, were 
exclusively to engage our attention, we might be in- 
duced 
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iced to suppose it the effect of some great earth- 
yoke; a conjecture which I have indeed heard made 
apecting similar phenomena ; but no such conjee* 
ires would, be hazarded, were the concomitant cir- 
instances studied with care. I shall make this 
rident, in the present instance, by introducing in the > 
mp of queries the remarks which the case might 
atiirally suggest, and by giving such solutions as 
re furnished by the circumstances which accompany 
t. ■ 

152. I. Why does not the Orbe, after having run 
it so considerable an elevation in the upper valley, 
xmr down its waters in a cataract into the deep 
iiasm of Val-orbe, resembling the many other wa- 
erfells seen in similar situations ? Because, at the 
fttremity of its course in the upper valley, it meets, 
hough between mountains, with 'vertical strata, ex- 
tending up to the mountains themselves, through the 
interstices of which its waters continually filtrate. 
The chasm therefore of Val-orbe cannot have been 
occasioned by an earthquake, on continents already 
existing; for that could not have produced the angtt- 
ter motion of such a mass, in the centre of the 
mountains, so as to have rendered vertical, strata, 
which had before been horizontal. 

143. II. Since the waters thus find subterraneous 
passages, why do they accumulate on the mountain 
to* such a degree as to form these lakes ? Because 
titey cannot meet with sufficient openings for their 
*holc volume, without spreading themselves so far 

a* 
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as to embrace a greater number of fisswcgj *** 
they can effect only by rising. The inhabit^ 
the valley are even obliged to take care that then 
of the lakes find sufficient passages to carry off 
superfluity ; since otherwise they would ovejHkr 
.villages situated on their banks. Speaking of, 
precautions, M. de Saussure says, " They sink 
' from 15 to 20 feet in depth, and from 8 tte 
1 breadth, in the thin and vertical strata, of * 
' the tops are even with the ground, on the I 
' of the small lake. The waters discharge t 
' selves in)** those pits through channels m#d 
' the|r conveyance, and thence they pass by wal 
c tion into . the interstices of the strata. Tbes 
' the pits qstwJly called tunnels; and from tin 
' time they a*e cleared of the mud and slims 1 
' choak them up." 

154i HI. Can we possibly imagine ttal 
Orbe, in the upper part of its course, has; 
voted the valley of those lakes? Assuredly 
for the current of the river is there scarcely pe 
tible. Entirely quiescent in its passage throug 
Lac des Rousses, it preserves the same tranqx 
in the Lac de Joux; the space which it traw 
from the latter to the Lac de Bretiel, is ; extort 
short, and the Lacter is rather a large pond tl 
lake, although it is of considerable depth. Nil 
sible erosion, therefore, can have taken place u 
valley, and yet its sides are of great elevation^ 
it is commanded, among other rocks, by the 'lie 
Vaulion. 

155. 
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155. IV. Why are the waters always clear an$ 
." limpid" in VaL-orbe, even in rainy seasons, when 
4bose which run into tlie lakes above from the sur- 
(fpunding mountains are constantly turbid? We 
.§fc acquainted with x\o " visible cau$?" which can 
Recount for this phenomenon; we must, therefore, 
l^cprdipg to Mr. Play fairs rule, here truly appli- 
tffhle, have recq^r^e tp an u invisible" one', and that 
tipp be 119 other than ^ cpvern, intp. which the infil- 
trated waters penetrating, deposite their slime. Tl>e 
proof of this is furnished by another circumstance. 
The usual limpidity of the Maters of the Orbe, as 
they issue at Val-orbe, had led many to doubt of 
.their idpntfty with those, which, at the L$c de Bre- 
?$t B^ 8 away by infiltration ; but all doubt on the 
. fubjjest : if removed by the following fact, recorded 
. )>y J^f. de S&ijssuve. u In the preceding years, the 
■ ■ w^tpj:* having rispn to a higher Jeyel than was eop- 
" veftient to the ^habitants of Xbv Valine de Jqi**, 
• V they resolved, in 1776, to repay* and pjean out tJ|e 
K twnels of the Lac de BreneV In the hopes of 
"draining <*> they shut up, by a strong 4Ue, &e 
1 '* fltftfd* through which the great lake maintains a 
" AQOMnunication with it; but, when the waters were 
^FR]*$d to a certain Level on one side, and had be- 
^opeqte prop.ortionably lower on the other, their 
** pressure was so great as suddenly to occasion the 
" bursting of the embankment. An excessive agita- 
*' tjoft of the: waters ensued ; they became twbid 
^tjuxnjghout; and soon afterwards the Orbe, in 
^ Val-orbe, which till then had been perfectly clear, 
c ■ appeared thick and muddy, at its issue." This: ac- 
cident, 
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cident, no tfoubt, was productive of a good effect^ 
and passages were then opened, which before had 
been obstructed. The waters, which then rushed 
into the cavern, were in too great abundance, and 
formfed too rapid a stream, to allow of their becom- 
ing " limpid" by depositing their slime; and in coiK 
sequence they came out in the state described. ] 
There are many other phenomena in these mountains 
to prove that large caverns are concealed in them, 
which can have been produced only by the unequal 
subsidence of the strata in the same masses, during 
their catastrophes. 

156. This single spot, attentively studied; has al- 
ready led us to draw several important eotf elusion*: 
there still, hbwever, remains an object for exataifti- 
tion, namely, the " moss" over which the waters of 
the Orbe " flow tvith majestic calmness," when issu- 
ing from beneatlVa rock composed of horizontal sir* 
ta, at the foot of great masses of vertical strata / (* 
difference of position which accounts for t\\ecm*itk$ 
found in those mountains.) At the point of its issue 
begins a waterfall, similar to many others which I 
have seen; for it is of little consequence whether, 
after having been " carried down a rapid declivity, 
" and foaming among the rocks which occupy th* 
" middle of their channel," the waters pursue their 
course, or whether they fall precipitously from a 
rocky summit into a valley beneath; to observe them 
at the point of their descent is what is really import- 
ant, to enable us to judge whether cataracts^ as Mr. 
Playfair supposes, can form any evident parts of a 

general 
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general system of waste and degradation. Here the 

waters, having entered the subterraneous cavern, are 

retained there ^at a certain level by an embankment 

If, in rushing out, they had been capable of cutting 

the dike by erosion, their level in the cavern would 

have sunk: but we find the external edge of that 

tike constantly covered with that species of moss, 

which consists of long filaments. I have observed 

tins in many places, at the edge of rocks, from which 

torrents fall, and which they certainly do not injure 

id their course ; since, in many places, there is room 

to pass between the sheet of descending water and 

the rock, which is overgrown with moss, and other 

I plants, usually found in damp caves. Even the 

great cataract of the Rhine at Schafflumen, exhi- 

f kits the same appearance; the stream majestically 

- jmrsues its unruffled course over the brow of the 

' lock, and begins to "Jbam" only at its foot, in con- 

: Mquence of the torrent dashing itself against its own 

waters. 

157. Before I quit this important phenomenon, 
which so clearly manifests the state of the strata in 
the mountains, and how unnecessary it is to. seek in 
Miming waters the cause of the existence of the val- 
ues through which they flow, qr to call in the aid of 
<u*y " invisible agent" to account for the cavities of 
lakes, it may be proper to state, that neither subter* 
rmeous passages for the waters through the inter- 
laces of the strata, whether vertical, or highly in- 
ched, nor caverns, whence they issue forth ki some 
low ulley collected together in a " calm and limpid" 
* streauw 
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Stream, are by any means unusual 'phenomena; ahrf 
that cases similar to these are in particular observatl# 
in many parts of Jura. The only circumstance^ 
therefore, more remarkable in the phenomenon jaw 
described than in others, is that of the upper lak^ 
occasioned solely by the cavities which the wafdtf' 
found there; and in which it was necessary that" ttifijf 1 
should attain a certain elevation, before they tarn 
spread themselves so far as to reach a sufficieft? 
number of openings into the interstices of the sttatit i 
whereas, on other rocky heights, the rain waters ifiK 
mediately filtrate, even through the turf, into <W? 
interstices of those vertical strata, the sections Or 
which form the summits. Sometimes, indeed, if 
there happens to be a more favourable fissure at tfijT 
bottom of a declivity, rows of small tunnels are nrwt 
with in the turf. All these waters being afterwarffl/ 
collected together in caverns, form rivers, whidn 
issue peaceably through some outlets in the sides 
of low vallies ; down which they must have precipi- 
tated themselves in cataracts, had they not found 
such internal passages. The above is the case With 
the Reuse, which, like the Orbe, discharges its waifeW 
into the lake of Neuchatel; it is formed in Vat" 
tracers, which terminates abruptly against the moun- 
tain, but has many recesses, like that of Vat-Orb^ 
whence issue several rivulets, already formed ; dnC 
these, uniting, become the Reuse. 

i i 

/ 

15& Those who love the study of nature, arid 

more particularly thosef-who are aware how far getf^ 

logical science may lead its in the road tti her sand- 

9 tuarjti 
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tl&if, : witt not eboiider the foregoing details as hi** 
feg beco extended to a ttdioua and unnecessary 
length* The very circumstance of my being engaged 
io the present discussion sufficiently proves that g«- 
ncrahzatiom of phenomena, however exact they may 
Rally be, have no influence on those, who imagine 
that they also have accurately generalized the same 
phenomena ; and that the details alone can produce 
the desired effect, when they have been observed in 
places, where the descriptions may be verified, if any 
4ft)bts are entertained respecting their correctness : 
tyd thus, likewise, may many persons be induced 
t) fix their attention upon objects, which are within 
(heir reach, hut from which it had not occurred to 
tbara that any instruction Could be derived. I shall 
ilberefore now proceed, still acompanying M. de 
Saoasure, on the road to the lake of Neuchatel, 
letting out from the banks of the lake of Geneva, 
wjrich he describes in § 390. 
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From Balaigre" he says, " we came in three 

* hours and a half to Yverdun, where we passed 

« the night On the road* we bad several very fine 

" view* of: the lake. We were struck, upon first be- 

* holding itv with the great extent which it must 
" formerly have had ; for the spacious numhy mid 
" horizontal meadows by* which it is terminated oti 
" the S. W. have unquestionably been at ofie tim6 
" Covered with, its watery. We shall have occasion 
" to make the same • remark on the other side of the 
"lake*" Th» is the site which may be Considered 
M the epteaaoe ©f the lake; for its waters flow 

out 
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out at the opposite extremity: it is on the-side of 
Yverdun tiiat the river Orbe runs into it, together 
withother streams. . The alluvial land here mentioned 
continues to increase, but now very slowly; the first I 
deposites, on the contrary, accumulated rapidly, (as J 
in the case of all alluvial grounds,) from the abun- 
dance of debris which the waters found in their ori- 
ginal channels, and from their tendency to straiten 
their course. 

" In going to Susseve y which is at the distance of 
* ' a league and a quarter from Yverdun, I remarked,* 
proceeds M. de Saussure, " banks of grit, or soft 
" sandstone, rising in a slope towards Jura. A* 
quarter of a league farther on ... . commence strata* " 
of yellow calcareous stone.....From Yverdun wd^j 
" went to Neuchatel, where we slept; the distant 

" between these towns is only seven leagues Th£* 

u lake is eight leagues in length, and two in breadth* 
M ....On its banks, as well as on those of the lake of 
" Geneva, are found rounded pebbles of all sizes, 
" together with considerable blocks of granite, and 
" other Alpine stones ; many of these occur between 
" Yverdun and Grandson. This lake lies mucK 
" nearer Jura than that of Geneva, particularly at 
" its northern extremity, where it waters the lowest 
" strata of those mountains. The road from Yver- 
" dun to Neuchatel in many places passes over these 
" strata; for the most part they ascend towards the 
" body of the mountain ; some of the strata however, 
" above Vaumurcus, are almost perpendicular to 
"the horizon, and have not a rfirvctioti paraikl to 

"that 
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" that of Jura. M. De Luc, in taking the mean of 
u two observations with the barometer, has fixed the 
" elevation of the lake of Neuchatel at 26 and^' M 
" half toises -above that of the lake of Geneva, M. 
" Pictet determines i this elevation at about 31 toises; v 
" and as he has made five different observations, 
" which correspond with each other, the latter result 

" seems entitled to the most confidence The next 

t " day we went to sound the depth of the lake At 

^ " half a league's distance from the bank, we found a 
■., " depth of 325 feet." I have already observed, that, 
\. , in his visits to these lakes, M. de Saussure had prin- 
\ cipally in view his observations on the temperature of 
fa. their bottoms; he has therefore contented himself 
with exhibiting some features only of the surrounding 
^ mountains : his descriptions are all correct, but I 
shall now and then have occasion to notice some cir- 
cumstances, which he has passed over, beginning at 
. , the lake of Bienne, whither we will now accompany 
him. 

" We quitted Neuchatel on the following evening, 
" and passed the night at Cetiier, which stands upon 
" the margin of the lake of Bienne. We left that 
" place at a very early hour, for the purpose of re- 
* peating in this lake our observations on the tempe- 
y rature of deep water. The lake of Bienne, like 
" that of Neuchatel, is situated immediately at the 
u foot of the first chain of Jura. These two lakes 
c< are separated only by plains, probably at one time 
, " covered by their waters, which were then united. 
" The lake of Bienne is about three leagues in length, 

M "and 
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" and nearly one in breadth. At a leaglie and a 
" half from Gerlier, we found its depth to be 217 

" feet During the time that the thermometer was 

" undpr water, we returned towards the island of 
" St. Pierrv, a delightful spot, and highly worthy 
" of the fame which it has acquired. This island 
lay on our left, at a distance of three quarters of a 

league from Cerlier Its length is about a quarter 

" of a league, and its breadth a little less. It is a 
" hill of an irregular form, the highest point of which, 
" according to a barometrical observation of M. Pic- 
" tet, is elevated 121 feet above the level of the lake; 
" and the lake itself is 178 feet higher than that of 
'" Geneva." This confirms M. Pictet's observation 
on the height of the lake of Neuchatel : for a differ- 
ence of nine feet in the level appears to me to be 
sufficient between these lakes, which are justly con* 
Sidered by M. de Saussure as having formerly con- 
stituted but one ; in the intermediate space there 
remains only a canal, by which the waters of the 
lake of Neuchatel discharge themselves into that 
of Bienne. 

" The hill of the island has a gentle declivity to- 
xt wards the south, where it terminates in a small 

u plain From thence, on the western coast of the 

u lake, are seen the extensive vineyards at the foot 
" of Jura. The eastern coast of this lake forms a 
" striking contrast with the western ; its steep and 
u elevated borders present only naked and rugged 
u rocks, rising boldly from the edge of the water, or 
" forests, above which the highest summits of the 

"Alps 
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Alps are alone visible The soil of the island, of 

which the vertical section is seen near the most 
elevated point.. ..exhibits, beneath the vegetable 
mould, first sand, then a soft clay, next an indu- 
rated and coloured clay, and lastly strata of sand- 
stone, not very hard, and of a fine grain, which 

are worked as quarries On our return to Curlier, 

we immediately proceeded to Morat, which is 
three leagues from it. We traversed the marshes, 
1 at the northern extremity of the lake bearing th* 
1 name of the latter town, where we with difficulty 
1 extricated ourselves from the boggy land. These 
" great horizontal marshes, little raised above the 
" level of the lake, formed probably at one time a 
"part of its bed; and then the waters of the three 
u lakes of Neuchatel f Morat l , and Bietrne, wert 
w all collected in one basin." 

159. These are all the details into which M. de 
Saussure has entered relatively to the environs of 
these lakes, and they may serve to point out theif 
principal distinguishing features : to his description^ 
fowever, I shall subjoin some further particulars. 
According to every appearance, the waters of thest 
hree lakes must have been formerly united, though 
heir depth was inconsiderable in the part now bo 
Hipied by the horizontal soils. Some alluvial land 
tas been produced by streams, in the intervals be- 
ween the lakes ; but much less, 1 apprehend, than 
heir own waves have accumulated. Besides, even 
* the time when these three lakes probably occupied 
toly one basin, the parts, which now form those of 

m. 2 Neuchatei 
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I&uchptel and Mbrat, were separated by a ridge 
of low. Jiills, presenting their steep sections to the 
l$ke of Neuc^atel; in the same manner as those 
on the eastern bank of the lake of Bienne, and also 
the abrupt face of the more elevated part of the 
island -of St. Pierre, .present, theirs to the latter lake. 
It Is therefore only by the excavations being larger, and 
filled with water, tliat these parts are distinguished 
from many others in the s^me position at the foot of 
mountains, in vallies lying between small hills; the 
latter consisting of ruins of .the fractured strata; 
whichs, in the general subsidence, have remained 
above the level of the rest. 

j • 

: .160. With respect to visible murks of a consider-: 
$hle .subsidence,, there is no spot which exhibits them 
more evidently than this. Nearly the whole base of 
this part of Jura consists of strata leaning against 
the foot of the mountains, of which those described 
by M. de Saussure, from Grandson to Neuchatei 
ajre a part. But the most considerable phenomena 
,o{. this kind are. observable in the interval between 
the. lakes of Neiuchatet and Bienne, and along the 
western bank of the latter, where, towards the 
bottom of the declivity, ' and on the rubbish, are the 
vineyards mentioned by M. de Saussure. x That in- 
terval exhibits a phenomenon, very remarkable both 
froni its natujre and its cause. This consists of se- 
veral distinct masses of these inclined strata, which 
have evidently formed a p^rt of those that show their 
.abrupt sections in the upper, part of the mountain 
behind them. These masses* ascend in the fornf of 

steps; 
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steps; those on the outside being the lowest," arid 
ibose which follow rising higher and higher against 
;he side of the mountain ; and their thickness is id 
considerable, that a gleiij more or less wide, is fothied 
>etween the section of one mass, and the* inclihed 
)lane of the following. Now in the cause, by which 
ihe separation of these distinct masses in their fell 
iras occasioned, we shall find one of the examples of 
ft phenomenon, which, in my first letter'to Dr. Hut- 
ton, I had opposed to his hypothesis respecting tWe 
consolidation of our strata by extreme heat; namely; 
the interposition of strata retaining their softne^Sy 
between indurated strata. In the instance b'efont 
us, very thick strata of soft marie lay between ethers 
^calcareous stone ; these tw6 kinds' of strata natimdfy 
separated in their fall; and thus the masses, origi- 
nally the most elevated in the mountains, fell for- 
wards to the bottom of the caverns, into which sufik 
down all that had occupied the space of the present 
lakes ; the succeeding masses sunk lessi being stopped 
in their descent by the former; the next, still Ifcss; 
and thus were formed those gigantic steps, which I 
bave just mentioned. Marifie bodies are found, 
both in the strata of marie, and in those of calcare- 
ous stone; but they are not all of the samei class ; I 
found, for instance, some very beantiful mother-of- 
pearl Nautili in a stratum of the former; but I per- 
ceived none in the calcareous stone. 

16lr.lt is not many years since that great stock 
of marie was discovered, by which the -products oi 
a gricultufe in the country of Neuchatel have been 

so 
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so considerably augmented. In the breaking and 
lateral fall of the mass of strata in that place, those 
of marie, which had lain between others of calea- I 1 
reous stone, detached themselves from the strata ■ t 
which they had covered, and followed the strata 
which had rested upon them. Now those strata of 
Calcareous stone being of considerable thickness, 
their shattered section, which was turned towards 
the glen, separating one mass from the next above 
it, became subject to degradation ; and from its de- 
bris was formed a slope, by which the section of the 
strata of marie was concealed. This circumstance 
having been discovered by the inhabitants, they have 
found it easy to clear away the rubbish of these 
slopes, an J are come to the marie, which they dig 
out from beneath the strata of calcareous stone. 
That marie, which is of a bluish cast, becomes fri- 
able, and crumbles, after having been for some time 
exposed to the air; it is then spread over the land, 
which, by this means, is made to yield abundance 
of the grass called espacette, (saint foin, hedysarum 
Onobrychis.) The fodder being thusx increased, an 
increase of cattle naturally follows; and the manure 
from them is highly favourable to the growth of 
vines. Formerly the marie was not found in such j 
abundance; it was met with only accidentally under ^ 
#mall eminences, on the outward declivities of the 
mountain, and in the vallies; those eminences being 
fragments detached from these very strata, during 
the catastrophes by which the vallies and the basins 
Of the lakes were produced* 

163. In 
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162. In the space which separates the lake of 
\Neuchatel from that of Bienne, where, as 1 have said, 
those masses of strata, ascending against the moun- 
tain in the form of immense steps, are principally ob- 
served, the lowest mass dips under the soil ; but this 
range stretching, with occasional interruptions, along 
all the western coast of the lake of Bienne, the stra- 
ta there dip under the waters of the lake, by the edge 
of which there has Ijeen therefore, in some places, 
great difficulty to make a road. Now all along this 
bank, and even in the lake itself, is found a great 
quantity of blocks of granite, as is the case in the 
other vallies and on the summits of Jura. Can it 
be doubted, on beholding these monuments of ca- 
tastrophes which I have here assembled, that the 
whole tract of land, which lies in front of Jura, has 
been reduced to its present level by a subsidence Of 
part of the strata originally belonging to those which 
now form that mountain, the basins of the lakes 
being the parts where the subsidence was the greatest ; 
when, at the same time, we evidently see the place 
of the fracture, in the abrupt section of the upper 
part of the mountain? These strata, dipping into 
the lake, may be compared to finger-posts, placed 
at the entrance of roads ; for they plainly point oiit 
to us where those masses sunk, which are missing in 
front of the mountain. 

163. Let us now attend M. de Saussure to an- 
other lake, which lies near the first chain of the 
Alps, in the same manner as the preceding lakes lie 
ip the vicinity of the first chain of Jura. This lake 

is 
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is situated in a country abounding in great geologi- 
st monuments, which will detain us for some time. 
• I shall here collect theirs principal features from dif- 
ferent parts: of M. de Saussure's Voyages dans les 
Alpes, adding to them occasionally my own obser- 
vations. The lakie, of which 1 am now speaking, 
is that of Annecy ; and it is thus described by M . 
de Saussure, § 1 162. 

u This lake is about four leagues in length, and 
one league in its greatest breadth ; its general di- 
rection is from ncfrth to soutfifl It is surrounded 
on every side by high ' mountains, excepting near 
Annecy; where the tnoimtains connected with the 
chain df the Albs "tgi'iriinate; and a sdries of de - 
tached hills commences. All these Indurifairis arC 
calcareous. Towards the middle 6f the laktr tfrere 
is an island, joined ; by a causeway to the fftaip 
land. This island bears the name of ChateaU- 
vieux, and is sufficiently large to contain a castle, 
several gardens, and some tine orchards. Thfr 
situation is truly :romantic; ahd the -diversified., 
prospects offered by it of the deep and pellucid 
waters of this small lake, and i>f the abrupt moun- 
tains by which it is .Surrounded, although some- 
what mid and gloomy, are' interesting and pictu- 
resque The height of this lake, on taking a mean 

between M. Pictet's observations and my own, is 
35 toises above the lake of Geneva.... Its greatest 
depth, at a place called Boubio^ half a league to 
the S. W. of- the town, is 180 feet." 

■.:/■•'.': • 164. Here 
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■164.= Here again' M, de Saussure, whose imme- 
diate object was to' ascertain the -temperature of the 
bottom of the lake, has omitted to give any particu- 
lar description of the surrounding mountains; but he 
elsewhere describes other parts of the same chain. 
For my own part, I have only a general recollection 
of the chaotic state of their strata. Towards the 
other extremity of the lake, there is a passage in the 
mountains, which leads to the valley of the Ysere in 
the Tarcntaise; and near the upper entrance of this 
passage^ called the Col de Tamiy; stands a convent, 
the situation of which, amidst mountains of so ruin- 
ous an aspect, is well adapted to its order, being 
that of La Trappe. 

165. The mountains which surround the lake of 
AaHiecy, separate it, by an interval of four or five 
leagues, from the valley of jFaucigng, whence issues 
the Arve, proceeding from the region of Mont 
Blanc. They form the termination of one of the 
most considerable branches from the central chain 
of the Alps, and are called Les Boi^nes: they are 
of great height; on one side of them is the recess, 
in which lies the lake of Annecv; between their 
other extremity, which is named Mont Brezon, and 
the mountain Mole, is the entrance of the great 
valley of Faucigny. The face of Les Bornes, which 
is ererywhere precipitous, is divided into many dis- 
tinct eminences; it fronts that side of Sal£ve, of 
which the strata ajre inclined towards it, the abrupt 
fact of the latter mountain being on the opposite 
side. These spots, to which our attention is now to 

be 
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be turned, are all indicated in the chart of the lake 
of Geneva, and of the adjacent mountains, which 
is prefixed to the Voyages dam les Alpes of M. de 
Saussure. 

166. The broad valley, which lies between the 
lofty and abrupt face of Les Bornes, and the com- 
paratively low and incline^ side of Saleve, is one of 
the spots which I could wish to point out to those, 
who imagine that running waters have hollowed out 
the vallies, and who must therefore suppose, with 
Mr. Playfair, " that each branch of a river runs in 
" a valley proportioned to its size," (p. 102.) "and 
" that the same strata are seen on both sides" (p. 
104.) With regard to this last opinion, although 
the strata are calcareous, both of Les Bornes and 
of Sal&ve, they yet differ greatly in many respects. 
Those of Les Bornes, belonging, like those of Meil- 
lerie, to the calcareous strata of the external chains 
of the Alps on that side, are of a brownish grey ; 
while those of Saleve, which belongs to the chains 
of Jura, are generally, like the latter, of a yellowish 
white. As to the valley itself, although it is very 
broad, there run through it only a few scattered ri- 
vulets, which proceed immediately from Les Bornes 
and Sal&ve, and flow into the Arve ; for this part of 
the valley gradually rises, as far as Annecy, where 
another declivity begins in the opposite direction; 
the waters on that side discharging themselves into 
the Rhone, much below where it receives the Arve. 
Such a partition of waters indicates one of those 
boundaries of systems, which I .mentioned in my 

third 
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third letter to Dr. Hutton. This division of waters, 
like many others, is situated in a valley; and it is 
evident that its place cannot sensibly have changed, 
since the birth of our continents, as the streams, 
being only nascent, are there, at the minimum of 
their action. I shall now proceed in M. de Saussure * 
descriptions, §442. 

u Opposite Bonne-ville and the Mole, on the other 
" side of the Arve, is a calcareous mountain, called 
" the Brezon. I have twice or thrice ascended its 
" summit. The most elevated of itfr rocks are quite 
"perpendicular; they rise to a very great height 
" towards Bonne-ville, and form a frightful preci- 
" pice. In order to view it without danger, I lay 
" down on the rock, and brought myself forward by 
" degrees, till my head projected beyond the brink 
" of the precipice. By taking this precaution, we 
" may accustom ourselves to look down without fear 
41 or giddiness into abysses of the greatest depth," 

167. This may serve to give an idea of the form 
of a great many of the mountains in those chains. 
The section here has been on the side next the Arve, 
and that river, although it flows at a considerable 
distance, might yet be supposed, in the course of 
millions of years, to have cut this passage between 
the Brezon and the Mole ; but while the side of the 
latter mountain, nearest to the Arve, descends to- 
wards the stream in a slope, its opposite side has an 
abrupt section, similar to that of the Brezon, though 
no great stream is near it, I was obliged to use M. 
6 de 
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de Saussure's precaution in looking down this latter 
precipice, which is no less frightful than that, of 
which I have given his description above; it being 
vertically cut from the summit to the depth of at 
least a thousand feet; its basis consisting only of an 
heap of broken masses of the depressed strata, which 
, masses, when viewed from the opposite valley, ex- 
hibit the appearance of hills. The strata of the 
Mole descend so rapidly from this summit towards 
the Arve, that it would be almost impossible to 
ascend the mountain, which is covered with grass, 
were it not for the transverse sheep-tracks. "When 
I arrived at the summit, 1 found it so sharp, that I 
could sit on it astride, having one leg on the side of 
the declivity, and the other suspended over the pre- 
cipice. In this posture however, which was only a 
frolic of youth, I did not venture to look down, but 
laid myself, for that purpose, along the slope, and 
gradually advanced my head over the brink. Two 
principal fractures, among others, have produced 
the form of this mountain; from one of them, at- 
tended with a great subsidence of a mass of strata, 
has resulted that part of the valley of Faucigny, to- 
wards which the whole mass of those which form 
the Mole is inclined. The other fracture havin? 
happened on the opposite side of the same mountain, 
and being attended with a similar subsidence, a valley 
has been produced there also, but with the heap of 
ruins which I have mentioned. This last fracture 
has formed a *curve, in the concavity of which is the 
sharp ridge of the precipice ; but on the side of; the 
Mole which fronts the lake of Geneva, part of the 

mass 
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mass o£ strata has remained; so that, when viewed 
from thence, the mountain appears in the form of 
an obelisk. I measured its height by the barometer 
at the highest point, which I found to be 4560 feet 
above the level of the lake of Geneva. The follow- 
ing is the description which M. de Saussure gives of 
the entrance into the valley of Faucigny, § 443. 

" On leaving Bonne-ville, we crossed the Arve by 
" a long and narrow bridge, and entered a valley, to 
" which all the great characters of the Alpine val- 
" lies belong. The entrance into it is flanked by 
u two lofty mountains, the Mole to the north, and 
" the Brezon to the south, bearing the appearance of 
*' two fortresses destined for its defence. The bot- 
<f torn of this valley is perfectly horizontal, and 
" covered with marshy meadows, being watered by 

the Arve and its tributary rivulets Its direction 

is nearly easterly ; its length, from Bonne-ville to 

" Cluse, is about three leagues ; and its breadth, at 

" the entrance, is scarcely half a league : it widens 

i{ afterwards, but again contracts, as it approaches 

" Cluse, where it almost entirely closes." Do we 

here recognize the " work of the stream" or the 

u repeated touches of' the same mstrumenty which 

denote, according to Mr. Playfair, that the existence 

of vallies is to be ascribed to the waters that run in 

them? 

. " Wherever the ground is opened, the bottom 
€t consists of sand, disposed" in horizontal strata, 
*' and sometimes placed alternately with layers of 

rounded 
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u rounded stones and gravel. The nature of the 
soil, and the perfect level of the surface of tha 
valley, make it evident that this bottom has been 
" formed by the accumulation of the deposites of 
the Arve ; and that this river, or the current occupy- 
ing its place, has formerly run at a much higher level 
" than it does at present, since it must have filled 
" the whole of the valley, of which it now occu- 
" pies so very small a part." In this firstf volume, 
M. de Saussure advances several opinions, which 
subsequent observations have since induced him to 
relinquish. The current no doubt levelled the 
bottom of the valley, and must consequently hav^ 
pervaded the whole of it ; but this could have taken 
place at different times only, and while the waters 
were still employed in bringing down the quantity 
of rubbish, which they found in their upper channels ; 
they then held a vagrant course, among their own- 
deposites, as is still the case with some rivers : but 
since they have almost ceased to bring down with 
them any other materials than dust and small gravel, 
and since the valley has been inhabited, it has be- 
come easy to restrain the course of the stream, in 
order to improve those parts of the bed of the valley, 
which so far front being lowered, have been raised 
by the accession of the alluvial soil; a circumstance, 
which, in all the inferior vallies, has universally taken 
place. 

" The road leading to Cluse is very beautiful ; 
u for the space of a league it forms a rectilineal 
" and horizontal causeway ; but afterwards, the Arv6 

" shaping 
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shaping its course towards the mountains on the 
•ight, the road passes over the debris which are 
accumulated at the feet of the rocks. These debris 
ixe for the most part calcareous ; they nevertheless 
are mixed with granite and other primary stones, 
;ransported thither by the same revolutions, which 
nave dispersed similar fragments in the environs 
of Geneva; for the adjacent mountains are all 
calcareous, and the primary are still very distant. 

After having proceeded about three quarters of 

a league along the foot of the mountain, we again 
descended into the horizontal valley. We passed 
through the large village of Siongy, where the 
Ghartrtux du Reposoir, to whom it belongs, have 
a. house, which is easily recognized, from its be- 
ing the best in the place. The road leading from 
Siongy to Cluse, a distance of half a league, is 
extremely pleasant ; this valley, like that of Ta- 
ninge, produces the finest oaks in the country. On 
the left of this small plain, an ancient castle, 
erected on the summit of an insulated rock, the 
foot of which is covered with trees, forms an in- 
teresting object in this very delightful and pictu- 
resque landscape. 

" With regard to the structure of the mountains 
which border this valley, and their correspondence 
with each other, I shall first observe that, although 
the Mole and the Brezon, placed on the opposite 
sides of its entrance, are of the same height, and 
are both calcareous, there is yet no other resem- 
blance between them. In the colour and quality 

of 
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of the stone, the general form, the structure and 
position of the strata, they are altogether different. 
" The dissimilarity is even greater between the other 
" mountains which enclose this valley; nor do the 
" salient and retreating angles in any degree com- 
" spojuL But let us enter into some details, and 
" first consider the mountains on our right hand; we 
" will next proceed to those on the left. 

" I have already remarked that Mont Brezon, 
" which fronts Bonne-ville, has its summit on that 
" side vertically cut. Its strata first obliquely incmt 

backward, or to the S. E. ; and in proportion as 

they extend in the direction of the valley, their 
1 inclination changes, their declivity increases, and 

at last they incline forward, or towards the east. 
" But the foot of this mountain is also, like that of 
u Saleve, covered with large masses of strata nearly 

perpendicular to the horizon, leaning against the? 

body of the mountain ; and although the Brezon 
" itself terminates at the distance of half a league 
" from Bonne- ville, yet those strata, which lean 
" against the foot of the southern chain, and thus 
" turn their back to the Arve, continue to stretch as 
" far as the village of Siongy, a distance of nearly 
" two leagues. They are interrupted indeed by a 
" small valley,- at the farther extremity of the' foot of 
"the Brezon, but beyond that vacant space they again 
" appear. ■ t ' 

.." This small valley, which opens at the foot of 
" th$ Brezon, is narrow and winding; salient angles, 

" opposite 
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u opposite to retreating, are there /plainly discern- 
u ible. It leads to the village of Brezon, situated 
u behind the mountain of that name." 

1 68. The difference between these two remarks of 
M. .de Saussure, relative to the salient and retreating 
angles, gives me occasion to observe that such a cor 
respondence frequently takes place in narrow vallies} 
these being commonly the effect of a single frdcture 
off the strata, with some inclination backward of one 
of the sides, or of both ; but unattended by the sub- 
sidence of any intermediate mass below the level of 
the bottom. These meetings of salient and retreat- 
ing angles, both often very acute, being generally 
characteristic of a fracture, may be much more na* 
turally assigned to that as their cause, than to the 
serpentine windings of streams, a cause first imagined 
by M. Bourguet. With respect to the chasms of 
large vallies, their form consists of all those irregu- 
lar widenings and contractions described by M. de 
Saussure, they having been produced by two frac- 
tures, and the subsidence of the intermediate part, at- 
tended with many other catastrophes ; such as the frac- 
tures which form the lateral narrow and winding val- 
lies ; and during which those masses of strata, detached 
from the sides, were stopped at a certain height, as 
on the border of the basins of lakes, in their fall to- 
wards the pail depressed. To these we may also 
add, as well the islands in lakes, as the insulated 
rocks in vallies, which are fragments of the broken 
strata, remaining like ruins, elevated above the rest; 
and it is only the rubbish, brought down by the first 

N currents 
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currents from the upper vallies, which prevents bur 
perceiving the original disorderly state of the bottom 
of those cavities, it being now rendered level by allu* 
vial ground. Narrow and winding vallies are for the 
most part, as I have said, single fractures ; however 
in them wide open spaces are sometimes found, which 
are x places, where, as in large vallies, some mass of 
strata lias sunk clown below the level of their actual 
bottom. Lastly, the large vallies, as well of llura 
as of the Alps, still evidently exhibit that succession 
of events already described, during which new strafe 
of different species were formed over such other 
strata, as had subsided in the first catastrophes; 
after which, at some later period, all these masses 
pi strata, even the very lowest, were again friactured 
by fresh catastrophes, and new subsidences took 
•place, by which the lowermost strata were brought 
ta sight. These again, no doubt, are generalizations; 
.but they are formed in the field opened to us by the 
descriptions of M. de Saussure, where such details 
may be found, as I know to be correct We have 
already seen that the island of St. Pierre in the lake 
of Bienne consists 6f broken strata of sandstone, 
while the abrupt sides of the lake are of limestone; 
this is an example of the last of the above-mentibned 
operations ; and another similar to this will be seen 
Jn the valley of Faucigny, by continuing to follow 
the able, observer who has hitherto conducted us, 
among farther monuments of catastrophes, so strik- 
ingly indicative of the cause, by which both the 
Vallies and the cavities of lakes, have been pro- 

duced. 

" Above 
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Hl Abeve this village'* (of Bfezon) u lie rich and 

** spacious pastures, interspersed with huts, which 

** are inhabited only during the summer, and are 

called Granges de Solaison. In one of 'these I 

usually passed the night, when visiting the Brezon, 

and the neighbouring mountains. The Granges 

de Solaison are commanded to the S. E. by the 

■* € Moults Vergi, a very high calcareous ridge, the 

^' summits <rf which I have likewise explored; they 

"** ate visible from the environs of Geneva, on the 

• **' rjght of the Mole. This chain runs from N. E* 

M to S.'W. and terminates behind the mountains 

~* € tfhich border our road on the right. In the envi- 

" *•■ rons of Siongy, the structure of the last mountain 

" of the chain may be observed ; it is very remark- 

" able. Its strata, which are horizontal at the sum- 

' *' mit, are bent nearly at right angles, and descend 

*** thence perpendicularly on the N..W. side. They 

appear as if they had been incurvated by some vio- 

ient power; and in. some places they are separated 

•from each other. At the foot of this mountain. 

Qnthe south of the road, opens the valley which 

? ""'leads to the Chartreuse du Reposoir. On ap- 

proaching'Clu$e, we passed under rocks, the thick 

strata <tf which projected over the road* These 

4t rocks are contiguous to a mountain, the pyramidal 

**' top of whith ri$es to a great height." 
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1<J8. a. In § 106, I (quoted the following remark, 

^xn.acfeibyMr.'Playfair, (p. 105.) when speaking of 

defiles among mountains. ".If he/' (an observer) 

* w#i ventures to reason concerning the cause of so won- 

n 3 " derful 
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" derful a change, he ascribes it to some great con* 
" vulsion of nature, which has torn the mountain 

" asunder It is only the philosopher, who hasdeep- 

" ly meditated on the effects which action long con- 
" turned is able to produce,... .who sees in this no* 
" thing but the gradual working of a stream, .that 
" one flowed as high as the top ef the ridge.. J* 
I shall now observe that " it is only a philosopher," 
such as I am disposed to consider Mr. Playfair, who, 
having relinquished his first opinion in consequence 
of such evident phenomena, will have sufficient 
courage to confess his error : nor can he find any 
difficulty in convincing himself of the reality of these 
phenomena; since we shall hereafter see him acknow- 
ledge their true cause. 

"I come now," proceeds M. de Saussure, "to 
" the mountains, which, on our left, border the val- 
" ley from Bonne-ville to' Cluse. The Mole is the 
" most conspicuous of them : we are surprised to 
" observe this mountain, which, seen from Geneva, 
" ha* the form of a sugar-loaf, stretching ftself in 
" the direction of the valley of the Arve. When 
" viewed from hence, we perceive it to be crowned 
" with several summits, which, being all on the isame 
" line, appear from Geneva to form only one. There 
" is a great chasm between two of these summits, 
" evidently occasioned by the falling in of the in- 
" ter mediate part; and indeed the debris are found 
"accumulated at the foot of the, mountain; tbey 
" have formed there a very elevated hill, which is at 
<< present covered with 4nes« Thg Mole terminates 

at 
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w the junction of the Giffre with the Arve ; its laart 
"strata descend rapidly into the bed of that small 
u river. 

" The mountains which follow the Mole, and 
€i which, in continuation of it, form the southern 
" side of the valley of the Arve, are low, and little 
u interesting to the geologist. One of them, how- 
ever, is remarkable on account of its pyramidal 
figure, and of its strata, which converge at the 
summit, giving it the form of an angular roof..... 
Thus the valley stretching between Bonne-ville and 
u Cluse is hemmed in on both sides by mountains, 
H which are indeed all calcareous, but their forms 
a are very various and very irregular, and their strata 
41 seldom horizontal. The flat bottom of the valley 
" consists of sand, gravel, and rounded pebbles ; 
u and even the hills which rise on this bottom are 
" composed of sandstone," 

169. This is an instance of what I have mentioned 
above, concerning those masses of strata which rise 
above the levelled bottom of great vallies; they 
point out successive revolutions, in the intervals of 
which new kinds of strata were formed at the bottom 
of the sea. It is only, then, by a careful observa- 
tion of all the phenomena of these great cavities, 
that " visible" traces of their cause can be discovered 
in them ; but traces are equally visible in the singu- 
lar association of chains of mountains and their 
vallies. We have already seen, in the preceding 
descriptions, the extraordinary form and situation of 

the? 
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the Monts Vergi, considered with respect to the dlr 
rection of the, valley of the Arve; other parts of M. 
de Saussure's work might supply many more instance* 
of the same kind ; but I shall confine myself to what 
he says, § 284, of the Vallee du Reposoir, the^ en- 
trance of which into that of the Arve we have see» 
him indicate, at the foot of the last eminence of the 
Monts Verg. 

"Behind the Mdiits Vergi," he says, "there- it 
" another valley, which is not visible from the Mole> 
u although it is of some width. In this valley ir 8> 
" tuated the Chartreuse du Reposoir.....Beyon& it 
" rise very lofty mountains, which are still calcare* 
*' ous, and which turn their steep side towards the 
" central chair* of the Alps. The- Vallee du Repo* 
" soir then separates the chains belonging to the in* 
u terior of the Alps from those which belong to the 

" external ridges Above the convent, on the side 

" next the interior of the Alps, a calcareous summit \ 
of a very great height^ and quite inaccessible, 
strikes the eye ; it rises in a thin sheet, like a crest r 
above the point of a rockj itself of considerable 
" elevation. This crest is perforate^ near its western 
" edge. The aperture may be discerned from the 
f< convent with a telescope, or even without pne, hy 
" those whose sight is strong. This summit is dis* 
" tinctly seen from the top of the Mole, and even 
" from our plains: it is likewise visible from the in- 
" terior of the Alps, to the N. W. above Salanche. 
" The chain, of which it forms a part, becomes gra- 
F dually lower as it tends towards the valley of the 

9 Arve, 
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" Anpv sad, terminates above the town of Cltfge,, 9$ 
" ipa£ likewise be seep from the top of the Mote*" 

170* When these characters of the. chgias of 
mountains and their vallies shall have been mpw 
noticed, in those regions, which, for some time pa$t, 
kqve been so much frequented, they will show, move 
forcibly than any other instance, how far the ji^dg- 
Bjient may be misled by prejudices. It woylcl be 
impossible to assign any other cause to so many the- 
ories of the earth, in which it is still maintained that 
the vallies have been scooped out by the. ^ upning 
waters. Such theories have rendered it very nece&- 
$ary to collect within a small compass some of the 
descriptions dispersed in M. de Saussure's travels, in 
order to induce the future visiters of those mountains 
to fix their attention on these important object?. I 
shall however conclude this selection of facts, by 
the description of the lake of Ewrget, the last of 
those which I had announced, and I shall theo re- 
gume the great subject of lakes, witti a p?ti;tjcular 
view to the explanations which Mr. Playfaif has 
endeavoured to give of them. The following are the 
words of M. de Saussurs, § 1 1 70. 

• — «• 

" An excursion to the lake of Bourgtt is a fi|- 
" vourite amusement with those who dripk the wa- 
" ter$ at Aix, (in Savoy.) Visiters often crosp this 
" lake in boats, for the purpose of seeing the Abhpyfi 
" # Haute-combe, and an intermittent fountain, which 
" issues from a rock near* the Abbey, in a very k*- 
" tasting spot. In the month of October, 173*, 

I 
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" I observed the temperature of the bottom of the 
€ f lake. Its deepest part, I am told, is at the foot 
" of a rock, which dips very rapidly into the lake, 
" below the castle of Bourdeaux. This castle stands 
" nearly opposite to Aix, on the other side of the: 
" water. At this place I let down my thermometer, 
^ at about 200 paces from the bank, and it reached 

r " a depth of 240 feet This lake is scarcely two 

" leagues in length, and is from half to three quasr 
€i ters of a league in breadth. It communicates 
" with the Rhone by a canal, which, according t>, 
" the relative height of the waters of the lake an- 
" of the rivef, sometimes discharges the waters c 
u the Rhone into the lake, and sometimes those c 

u the lake into the Rhone Being desirous to ascen 

u t$in with precision the depression of this lake be 
" low that of Geneva, I made, in the month cc 
il Aijgust, 1790, forty-three observations with thi 
" Urometer at Ais, while M. Sexnebier made cor 
" responding observations at Geneva. I have takes 

" the mean of tjiese, from which it appears tha. 

" this lake is 76 toises below the level of the laki 
* c of Geneva.. ...While my thermometer was in thi 
u water, I inspected the rocks which border the laki 
" to the westward ; they consist of a compact calca 
" reous stonp, or coarse marble, in which are found 
" though rarely, fossile shells, such as cornua omnia 
u fits. Their strata are dipping towards the lake 
u the rock, opposite to which I placed my thermo 
" meter, makes an angle of from 50 to 60 degree 
u with the horizontal plane : another great rock mor< 
" to the north, called Grate loup } has an inclinatioi 

"o 
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< c of 40 degrees. It is very probable that these 
/" rocks were not formed in so inclined a position. 
" I am induced to believe that their base has sunk> 
u and that this depression has produced the basin 
u which is now occupied by the lake of Bourget." 
M. de Saussure here makes this remark, with a view 
to retract the opinion which he had expressed in his 
first volume, that strata strongly inclined might have 
been formed in that situation. 

171. I could add to the above many other de- 
scriptions given by the same excellent observer of 
the mountainous tracts surrounding the lakes, and 
of the connexion subsisting between the latter and 
the phenomena of vallies; from all which useful in- 
ferences might be drawn ; but I shall confine my ex- 
tracts to those precise and striking details, which 
sufficiently evince, against Mr. Playfair's opinion, 
that the lake of Geneva is not an " exception" to 
Other lakes, in respect of the chronometrical phe- 
nomenon of the alluvial land formed by the Rhone 
at its entrance into it: that the cause of the produc- 
tion of its cavity is not local, as he has imagined, 
but is the same to which that of the basins of all 
other lakes, and of all vallies, is to be assigned: 
and that this is not, as he thinks, a "case," where, 
in consequence of the deficiency of " visible causes" 
we are " warranted by the rules of philosophical 
" investigation" to form an " hypothesis," for the 
sole purpose of explaining it. For the effects <of the 
$i cause" which has produced the lake of Geneva, 
together with all similar phenomena, are plainly 

" visible ;" 
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" visible ;' and w order to be convinced, of this, it k 
not even necessary to have recourse to an actual ob- 
servation of the phenomena themselves, sip£e we are 
in a manner transported ta the spots by the accurate 
descriptions of M. de Saussure. I would even cod* 
tent myself with referring Mr. Playfair to the vignety 
in the title-page, of the third volume of the Voy#g& 
dans ks Alpes, which is that whence I have t$k$i 
the above descriptions, where he would see a p$it 
of the lake of Mont Cenis> with the vertical strata^ 
which surround it, dipping in its waters; and likewise 
the rocks, which tower above it, and which I $**¥• 
also observed. When spots like these, so frequently 
met with in the upper parts of high mountains, are 
attentively examined, it is impossible not ta be con- 
vinced that basins of lakes, as well as v allies > are ne- 
cessary effects of the catastrophes which tke stwtt* 
have undergone. 

1 72. Returning now to Mr. Playfair, the subject 
to which his subsequent observations will intFoduor 
us, must excite some surprise; for we shall find him 
there himself describing the real muse of the ess- 
ence of vallies and the basins of lakes, absolutely 
unconnected as it is with his hypothesis of the waste 
occasioned by running waters, wd of a dissolute* 
of saline strata. It should seem then that I might 
have contented myself with the argumentum ad kh 
vxmtm, which he Will thus afford me; but besides 
that, not considering the present examination in the 
light of a controversy, I lay no stress whatever upon 
such arguments, the generalizations; given by Mr. 

Playfair, 
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Biay&hy of the phenomena relating to this new sob*- 
ject, do not fin theft* witii the same degreti of tj*r* 

tainty and precision, which result from M. de Saus- 
stire's descriptions, united with the circumstances, 
tirliich; from my observations, I have had occasion to 
aidd. We are going to enter here upon a new field,* 
both of natural philosophy and of natural history,, 
which tha discussion of the opinions of Mr. Playftrir* 
and Dr. Huttoa will render of great importance tti 
Geology in general. The passage of Mr. Playfairs 
work, immediately following that which has led ma 
infeo so many details, a passage no less requiring our. 
Attention, begins thus, in § 327. ' 
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" Another circumstance may also influence the 

generation and preservation of lakes ; but it is also 

on£ with which we are but little acquainted. The 

strata, and indeed the whole mineral substances 

f which forms the basis of our land, have been 

u tmsed up from the bottom of the sea, by a pro- 

• c gross that should seem in general to have been 

" gradual and slow. Appearances, however, are 

u not wanting, which shew, that this progress is not 

a uniform ; and that both rising and sinking in the 

l# surface of the land, or in the rocks which are the 

u base of it, have happened within a period of timey 

u #hich is by no means of great extent. In this 

" progress, the elevations And depressions may not 

" be the same for every spot. They may be partial,* 

"and one part of a stratum, or body of strata, may 

*i rise to a greater height, or be more depressed, fhaA 

u another. It is not impossible* that this process 

" may 
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11 may affect the depth of lakes, and change the re 
" lative level of their sides and bottom." 

173. This passage will suffice for the introductio 
of the subject : what follows is the developement c 
the hypothesis that partial depressions have concunte 
with a gradual elevation of the land in the prodtK 
tion of our continents; an hypothesis whereby Mi 
Playfair endeavours to show-a cause of uncertaintt 
with regard to the period of the formation of lake 
Here then we have one attempt after another to fti 
nish an explanation, which ought to have been efc 
dently established, before the opinion of the excav 
tion'of vallies by running waters had been mai- 
tained : and hence alone, independently on the fac 
whicn I have adduced above, it might appear he 
chimerical this theory must necessarily be. Wi 
respect to these alternate elevations and depression 
of the land, it will be seen hereafter, when I sha 
come to the objection which I had opposed to tl 
theory of elevation, in my Lettres sur VHistoire 
la Terre et de VHomme, that they serve only 
increase the force of that objection ; I shall n 
therefore enlarge upon the subject in this place, 
shall also abstain from dwelling upon that which, 
had fully shown in, my first -letter to Dr. Huttxn 
viz. thnt this operation is laid the more open to tl 
same objection, by his fundamental theory of tl 
elevation of successive continent s y on the same par 
of the globe. Cut these accessory points are co 
nected with the general and most simple hypothec 
of elevation, which is still maintained by other ge 

logfc 
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leasts, viz. that the existing continents have been 

" raised up" from the bottom of the sea. I shall 

. theiftfore confine myself to this leading point, in the 

iate .of which all its accessories will be involved. 

p jEty ; this , purpose, I shall go back to § 42 of Mr. 

^l&yfeir s work, where, after haviqg described those 

.phenomena, respecting which we both agree, in the 

sfc^te of our mineral strata, which, though they all 

were originally horizontal and continuous, we now 

find often, incurvated, and most generally fractured, 

with different degrees of inclination, and even in 

*ouae cases quite vertical, he thus proceeds: 
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" The highly inclined position, and the manifold 

inflexions of the strata, are not the only proofs of 

<c the disturbance that they have suffered, and of the 

u 'violence with which they have been forced up from % 

** their original place. Those interruptions of their 

. H€ continuity which are observed, both at the surface 

i€ and under it, are evidences of the same fact. It 

41 is plain, that if they remained now in the situation 

" in wjiich they were at first deposited, they would 

41 never appear to be suddenly broken off. No stra- 

" turn would terminate abruptly; but, however its 

" nature and properties might change, it would cori- 

," stitute an entire and conti?med rock, at least where 

u the effects of waste and detritus had not produced 

4i a separation. This, however, is very far from bp- 

*' ing the actual condition of stratified bodies. Those 

" that are much inclined, or that make considerable 

Xi angles with the horizontal plane, must terminate" 

abruptly where they come up to the surface. Their 

doin£ 
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\* cloing so is a. necessary consequence of their po& 
' * ticui, and furnishes po argument, it may be said, 
for their having been disturbed, different fromihat 
whteh has been already deduced from their in$- 
" ° nation. There are, however, instances of frbreatfi 
~" of continuity in the strata, under the'surfet6,'thtittf« 
JU 'fofd a proof of the violence with which' theyiiavfe t>«n 
* w displaced, different from any hitherto mentioned. 
'" t)f this nature are the dips or shifts, that so often 
'** perplex the miner in his subterranedUs journey, 
"and which change at once all those lines and bear- 
" ings that had hitherto directed his course. "When 
".his mine reaches a certain plane, which is some- 
^''tftnes perpendicular, sometimes dhliqut to the ho* 
* u rizon, he finds the beds of rock Wbken asunder, 
"those on the one side of the plane having changed 
"" their j)lace/by sliding in- a particulardirection along 
%u the'face of the others. In this 'motionijiey'have 
" sometimes preserved their parallelism, that is, the 
'*'. strata on one side df the slip continue parallel to 
\' u those on the other; in other cases, the strata on 
"" each side become inclined to one another, though 
% " 1 their identity is still to be recognised * by their 
1 " possessing the same thickness, and the same 
" internal characters. These shifts are often of 
great extent, and mu&t be measured by the quan- 
tity of ' the rock moved, taken in conjunction with 
* c the distance to 'which it has been carried. In 
V. some instances, a vein is formed at the plane of 
the shift or slip, filled with materials of the Jdnds 
which will be hereafter mentioned; in other in- 
'" stances,* the opposite sides of the rockrem&in con- 

" tisuous 
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41 tiguoiis, or have the interval between them filled 
11 with soft anil unconsolidated earth. All these sufe 
" the undeniable effects of some great convulsion. 
* which has shaken the very foundations of the earth, 

•* The production of the appearances now cfe- 

€€ scribed, belongs, without doubt, to different pe- 
*' riods of time ; and, where slips intersect one another, 
tc 'we can often distinguish the less from the niofe 
ancient. They are all, however, of a date poste- 
rior to that at which the waving and undulated 
forms of the strata were acquired, as they do not 
. € carry with them any marks of the softness of thp 
c "rock, but many of its . complete induration...*. 
Though such marks of violence. as have been now 
enumerated are common in some l degree to all* fee 
* strata, they abound most among the primary, and 
4c point out these as the part of our glolie which has 
" been exposed to the greatest vicissitudes. At* their 
41 junction with the secondary r , or where they emerge, 
" as it were, from under the latter, phenomena joccur, 
u which mark some of those vicissitudes with asto- 
u nkhing precision.. ...Where the .primary sehistus 
u rises in beds almost vertical, it is"' (sometimes) 
€S covered by horizontal layers 6f secondary sand- 
u stone" (or calcareous stone,) " which last are pe- 
" netrated by the irregular tops of the sehistus, and 
u also involve fragments of that rock, some angular, 
u others romid and smooth, as if worn by attrition," 

. 174. To the accuracy of these descriptions of pheno-* 
mena, arid to the general conclusion drawn from them, 
viz. -that they can be ascribed only to " some gredt con- 

u awfeions " 
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€C vuhions" I give a perfect assent But what was th* 
nature ol those " convulsions ?" And what motions 
of the strata did they produce ? It is indeed evident 
that the relative level of the fractured masses of 
strata has been changed; but were these revolution* 
effected by the elevation of the highest of the masses, 
or by the subsidence of the lowest? Such is the 
question at which we must ultimately arrive. I shall 
npt, therefore, dwell upon the passages immediately 
^following, in which Mr. Playfair attempts to explain, 
by the theory of elevations succeeded by depressions, 
the last phenomenon which he had mentioned; name: 
ly, that of new strata formed on the ruins of the 
former; for this again is only an accessory circum- 
stance, the application of which depends, on the 
principal question. I shall therefore pass on to §45, 
where he states his reasons in favour of the theory 
of elevation, as opposed to that of subsidence. 

" On the whole, therefore," he says, " by com- 
paring the actual position of the strata, their 
erectness, their curvature, the interruptions of their 
continuity, and the transverse stratification of the 
" secondary in respect of the primary, with the re; 
" gular and level situation which the same strata 
must have originally possessed, we have a com- 
plete demonstration of their having been disturbed, 
" torn asunder^ and moved angularly , by a force 
" that has, in general, been directed from bhfow up- 
" wards. In establishing this conclusion, we. have 
" reasoned more from the facts which relate to the 
" angular elevation of the strata, than from those 

" which 
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44 which relate to their absolute elevation, or their 
" translation to a greateir distance from the centre 1 
" of the earth. This has been done, because the 
" appearances, which respect the absolute lifting 
" up of the strata are more ambiguous than those 
which respect the change of their ahgular position. 
The former might be accounted for, could they be 
separated from the latter, in two ways, viz. either . 
u by the retreat of the sea, or the raising up of the 
" land ; but the latter can be explained only in owe 
" way, and force us of necessity to acknowledge the 
" existence of an expanding power, which has acted 
u on the strata with incredible energy, and has been 
" directed from the centre towards the circumfe- 
" rence" 

174. a. This proves only that Mr. Playfair has 
paid no attention whatever to my first letter to Dr. 
Hutton, in which this subject was treated. For, in 
the first place, the angular motion of the strata, that 
is to say, the whirling of the ruptured and separated 
masses, by which the strata, originally horizontal; 
became inclined, and even vertical, is no doubt a 
fair Criterion of the respective merits of the two the- 
ories ; but we shall find that it will prove fatal to 
that of elevation. With respect to the other theory, 
which is mine, it is evident that Mr. tlayfair is un- 
acquainted with it. For, though I ascribe the ex- 
istence of our present continents to the subsidence, 
not of the bed of the ocean, but of former conti- 
nents, the place of which the sea now occupies at a 
lower level, yet I do not ascribe to this revolution 
* - ■■» O those 
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those catastrophes of our strata, of which wc now 
observe the effects. And here again, Dr. HuttoaV 
theory, referring all these phenomena to the act oF 
elevation, its advocates are reduced to the necessity - 
of: having recourse, first to elevation, in order to ac- 
count for the rupture and displacing of the primitive 
strata, and then to partial \ depressions, for the pur-* 
pose of again reducing some parts of them under 
the level of the sea, there to receive the secondary 
strata. I have passed over the passages in which 
tliis is expressed by Mr. Playfair, since I do not 
stand in need of the arguments with which they 
would have furnished me against the doctrine of 
elevation. 

175. Secondary strata, incumbent, not only on 
primitive, but also on such antecedent secondary 
strata, as had already undergone their first catastro- 
phes, and contained the remains of marine animals, 
were surely formed in the sea, as Mr. Playfair like- 
wise maintains. These catastrophes, however, were 
much less considerable than those which took place 
after the formation of the latest of the secondary 
strata, consisting of a certain species of sandstofia. 
I have pointed out above some monuments of these 
effects in M. de Saussure s descriptions; and others 
-still more characteristic, of which it is not yet time 
to speak, concur in proving that all these catastro- 
phes happened, while our strata constituted the bed 
♦of the ocean. It was there that those subsidences 
took place, by which the strata were fractured, **d 
the angular movements produced, which, in so many 

cases, 
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£a$*s, placed them upright upon their edges; an^ 
there the masses remaining at a higher level hacj 
jhohi afforded them to turn in the eippty spaces, 
lefit fry those which had sunk lower: the necessity 
rf ^vhich spaces to such movements will evidently 
ip$>ear to be absolutely subversive of the whole the- 
9fy pf elevation. But here I shall first remark, in 
iJW^fprmity to what I have before announced, that, 
in the above description, Mr, Playfair has hinpseljf 
indicated a cause, adequate to the existence of val- 
ues, and of the basins of lakes, and correspondent 
yith all their phenomena, without any want of those 
*>ther causes, to which he has h^d recpurse. The 
ftiogular movements, pointed out by him, are real ^ 
*>ut he has not cposidered what those masses are, by 
>vhich they have been undergone; they are the very 
Masses which form chains of mountains; as may be 
.fi^en in M. de jSaussure's descriptions. Now ho\y 
could such masses have possibly suffered these angu- 
lar movements, withput leaving between thc;m the 
intervals called vallies, while those parts of them 
which were still iiiore depressed became the basins of 
Jakes? Hence U is, that, on examining the bottoms 
•pf vallies, we everywhere find, that, far from having 
.feeen hollowed out by running waters, they have, on 
the contrary, been raised by the debris brought down 
by streams; and that there, as well as at the entrance 
of rivers into lakes, we perceive large fragments of 
strata, rising above the rubbish which the waters 
have spread over the surface. This origin of the. 
vallies equally belongs to both the rival theories, that 
of the elevation of the highest parts, and that ot the 

o a depression 



196 

• 

depression of the lowest ; for both will equally well 
explain the fact, that it is by the " angular motions' 
of masses, capable of forming chains of mountain^ 
*that vallies have been left between them. This is 
not then, as Mr. Playfair supposes it, an immediate 
criterion of these theories; but it will, nevertheless, 
afford one, as will be seen in the examination, to 
which I shall now proceed, of the theory of eleva- 
tion, considered in itself. 

176. All the geologists, who have adopted this 
theory, have had recourse to the agency of heat; 
supposing its action, however, to have been analo- 
gous to volcanic operations, and to have been exerted 
only, once, for the purpose of forcing up our conti- 
nents above the level of the sea: whereas, according 
to Dr. Hutton's theory, the globe has a constant in- 
ternal heat; and to this heat he ascribes, in the first 
place, the consolidation of the mineral strata, pro- 
duced, as he supposes, from the detritus of preced- 
ing continents. This hypothesis, therefore, will lead 
us to some interesting discussions, on subjects of 
both natural philosophy and natural history, which 
are introduced by Mr. Playfair in § 46, after what 
we have seen him adduce as a proof of " the exist- 
" ence of an expansive power, which has acted on the 
" strata with incredible energy, and has been directed 
" from the centre toward the circumference. 1 ' 

" When we are assured" says be, " of the'&m*- 
" ence of such a power as this in the mineral regions, 
" we should argue with singular inconsistency if we 

did 
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*' did riot ascribe to it all the other appearances of 

y motion in those regions, which it is adequate to 

" produce. If nature in her subterraneous abodes 

" is provided with a force that could burst asunder 

" the massy pavement of the globe, and place the 

M fragments upright upon their edges, could she not, 

" by the. same effort, raise them from the greatest 

"depths of the sea, to the highest elevation of the 

" land? The cause that is adequate to one of these 

" effects, is adequate to them both together; for it 

".is a principle well known in mechanical philoso- 

" phy,. that the force which produces a parallel mo- 

" tion, may, according to the way in which it is 

" applied, produce also an angular motion, without 

" any diminution of the former effect. It would, 

" therefore, be extremely unphilosophical to suppose, 

" that any other cause has changed the relative level 

" of the strata, and the surface of the sea, than 

1 " that which has, in so many cases, raised the strata 

" from a horizontal to a highly inclined, or even ver- 

" tical situation : it would lie to introduce the action 

/' of more causes than the phenomena require, and 

" to forget, that nature, whose operations we are 

" endeavouring to trace, combines the possession of 

V infinite resources with the most economical appli- 

. " cation of them. 

11 From all,' therefore, that relates to, the position 
"of the strata; I think I am justified in affirming, 
" that their disturbance and removal from the place 
" of their original formation, by a force directed 
"from below upwards, is *faet in the natural his- 

" tory 
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€i tory of the earth, as perfectly ascertained as an} 
" thing which is not the subject of immediate obstf- 
" vat ion. As to the power by which this great efiect 
" has been produced, we cannot expect to decide 
" with equal evidence, but must be contented to pass 
u from what rs certain to whkt is probable. We 
" may, then, remark, that of the forces in nature to 
" which our experience does in any degree extend, 
" none seems so capable of the effect we would 
"ascribe to it, as the expansive power of heat; 4 
" power to which no limits can be set 9 and onfS, 
" which, on grounds quite independent of the elecd- 
*' tion of the strata, has been already concluded t6 
"act with great energy \ti the subterraneous regions. 
" We have, indeed, no other alternative, but eithelr 
" to adopt this explanation, or to ascribe the facts it 
" question to some secret and unknown came, though 
" we are ignorant of its nature, afcd have no €#/* 
" dence of its existence. > 

" We are therefore to suppose, that the power & 
u the same subterraneous heat 9 which consolidated 
u and mineralized the strata tit the bottom lof the 
" sea, has since raised them tip to the height at 
" which they are now placed, and has given them 
" the various inclinations to the horizon which they 
" are found actually to possess. 

* 
" The probability of ihis hypothesis *91 b*gr«atTy 

"increased, when it is considered, that, ti&ides 

" those now enumerated, there are other irtdfeattons 

" of TMteemwt smoag the bodies of the taktfral 

" kingdom, 
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kingdom, where effects of heat more characteristic 
than simple expansion are clearly to be discovered. 
4i Thus, on examining the marks of disorder and. 
" movement which arc found among the strata, it 
" cannot fail to be observed, that notwithstanding 
u the fracture and dislocation, of which they afford 
so many examples, there are few empty spaces to 
be met with among them, as far as our observation 
" extends. The breaches and separations are nu- 
" merous,. and distinct; but they are, for the most 
* part, completely filed up with minerals of a kind 
quite different from the rock on each side of them, 
and remarkable for containing no vestiges of stra« 
tifcation...We are thus led to consider the unstra- 
" tified fossils, the second of the divisions into which 
" the whole mineral kingdom, viewed geologically, 
" ought to be distinguished. These fossils are im- 
" mediately connected with the disturbance of the 
strata, and appeal*, in many instances, to have 
been the instruments of their elevation" 
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177. Such is Mr. Playfair's statement of the Hut- 
tonian theory: every thing in it is presented as sus- 
ceptible of rigid demonstration ; and this circum-f 
stance will render its discussion highly interesting,* 
<m account of the several objects to which it will 
lead us, when these objects shall have been fixed, 
by an analysis of the above exposition. It may al-» 
ready be understood why Mr. Playfair omits all 
mention of my objections against that theory ; those 
*h6 suppose, as he does, that the propositions of 
the theory maintained are supported by direct proofs, 

must 
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must necessarily consider all objections against it as 
frivolous, and not worth the trouble of discussion. 
A similar motive might actuate me also; but it shall 
not withhold me from a due examination of the fore- 
going passages. 

178. Every thing in the above statement depends 
on two propositions, which Mr. Playfair considers as 
separately demonstrated, and which, concurring in 
the same point, must thus serve to establish it on the 
most solid foundation : one is, that our continents 
'have been raised up from the bottom of the sea; 
the other, that the mineral strata, of which they are 
composed, have been consolidated by a great heat. 
The pretended demonstration, given by Mr. Playfair 
of the former, is as follows. " The appearances 
41 which respect the change of the angular position 
€ f of the strata can be explained only in one way, 
u and force us of necessity to acknowledge the ex- 
" istence of an expanding power, which has acted on 
" them with incredible energy, and has been directed 
41 from the centre toward the circumference" There 
is, however, another li way" in which they may be ex- 
plained, though it is here so peremptorily excluded; 
and that is the subsidence of the lowest parts. Mr, 
Playfair would have been justified in rejecting it, thus 
as of course, if it supposed the angular movements ob- 
served in the strata to have accompanied that sinking* 
which gave birth to our continents; but I have shown 
above that such a representation of my theory was er* 
roneous, and proceeded solely from his not having con* 
sidered what I had said on this subject in my first let- 
ter 
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terto Dr. Hutton. Now, with regard to An " effect" 
which has been explained in " two" different " ways" 
especially when it is acknowledged " not to be" the 
" subject of immediate observation" it surely is not 
allowable to decide on the certainty of one of those 
4C ways," until we have given an exposition of the 
other, and even discussed the arguments adduced ia 
its favour by those who have adopted it. If Mr. 
Playfair had done this, which certainly was but rea- 
sonable, he would have become aware of the error, 
into which he had fallen, as I have remarked above, 
with respect to my system, and would have been 
obliged to look for some other demonstration of his 
own theory. 

179- I had also explained in what manner the 
subsidences of the strata had been produced, to- 
gether with all the ensuing consequences, as mani- 
fested by the phenomena ; the whole of which formed 
a complete system : while, with respect to his own 
hypothesis, Mr. Playfair says only : " As to the, 
" power by which this great effect has been produced, 
41 we cannot expect to decide with equal evidence" 
Now this is saying very little, considering that the 
whole theory rests on that point. However, from 
this expression, it is natural to expect that he will at 
least establish the probability both of the existence 
of that " power," (an intense heat, as he supposes,) 
and of a certain mode of its action. It is therefore 
with 9 view to that point that I shall proceed to ex- 
amine whaj he says on these objects. With regard 
tQ the first, namely, the existence of the power sup- 
posed, 
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posed, he does not ground it upon any phenomenon 
connected with the act of elevation; he infers it 
from one, which bears no kind of relation to it, 
namely, the solidity of the greatest part of the mi- 
neral strata, the consolidation of which he supposes 
to have been produced by an intense heat. Thus, 
Ttohen speaking of this power, as having " burst 
u asunder and raised up the massy pavement of the 
" globe," he calls it, " a power, which, on grounds 
" quite independent of the elevation of the strata, 
u has been already concluded to act with great ener- 

* gy in the subterraneous regions*" This constitutes 
the whole of his demonstration, which I shall con- 
sider in due order; when it will be seen to rest 
only on that hypothesis respecting the origin of our 
strata, which deduces thtm from the detritus of 
Cther continents. 

180. The following, therefore, is the progress of 
these pretended demonstrations. — Our mineral strata 
were produced from the materials of ancient conti* 
nents previously destroyed. — But such materials 
could be consolidated only by fusion, at a degree of 
heat capable of producing thfft effect — Therefore, 
an excessive heat exists in the interior parts of the 
globe. Such is the kind of demonstration, whence 
Mr. Playfair deduces the following inference : "Wten 
" we are assured of the existence of suck a power..**: 

* we should argue with singular inconsistency if m* 
i € did not ascribe to it all the other appearances of 
lf motion in those regions, which it is adequate 1» 

produce.... .We are therefore to suppose th*t tfc* 

" power 
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" power of the same subterraneous heat, which had 
" consolidated and mineralized the strata at the 
" bottom of the sea, has since raised them up? It 
is therefore evident that the whole of this demon- 
stration is grounded on the supposition^ that our mi- 
neral strata were produced from the materials of 
continents which had been destroyed ; and this having 
ah immediate reference to the origin of our strata, a 
most important object in geology, I snail presently 
examine the above explanation of their existence," 
comparing it with that, which these geologists re- 
ject. 

181. The continuation, however, of this analy&is> 
will offer us a previous object of thorough examina* 
tion. The "power" here supposed of fusion is still 
not a power of elevation ; the intermediate idea of 
expansion is wanting. On this subject Mr. Piayiair 
contents himself with saying, that " the expan&ivi 
" power of heat is a power to which no limits can be 
u set? Now this is saying nothing, unless the mode 
be explained in which this power is exerted; but 
Mr. Playfair leaves that for others to investigate ; to 
which investigation I therefore must proceed. It can- 
ildt be by the dilatation of solids or liquids; for, with 
inspect to them, the effects of heat are confined to 
ifery narrow " limits;' 9 it liquefies solids, and reduces 
liquids to vapour. Now, when heat produces this 
fast effect, or, in general, when any expansible fluid 
fesults from it, its "power" may indeed be considered 
tfs toot having any assignable " limit;' but it is Xht 
fiuii ifsdf, not heat immediately, whkh exercises 

that 
9 
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that power, in proportion to its density, the increase 
of which may be really looked upon as unlimited. 
This therefore may be, and probably is, v the sense 
which Mr. Playfair affixes to his words; but they do 
not express it; and perhaps he has purposely kept 
it out of sight, because it is on this only really pos- 
sible sense that my objection is grounded. - It could 
be only, I repeat, by an extreme density of some ex- 
pansible fluid, that such a mass as that of our conti- 
nents could have been raised from the bottom of 
th$ sea ; but the moment that this power had frac- 
tured the mass, the greatest part of the fluid would 
have made its escape through the openings; and its 
power being thus spent, the fractured mass would 
necessarily have fallen down again in ruins to the 
depths of the ocean. This would have been the in- 
evitable consequence of the raising up of our conti- 
nents, by such a poztmr; and as a peremptory refu* 
tation of the theory, it remains for me to show, that, 
though Mr. Playfair avoids expressing it, such was, 
however, Dr. Mutton's conception of the effect of 
heat: this I shall do by quoting his own expression^ 
% after having made another previous remark. 

182. Although Mr. Playfair makes no express 
mention of my objection to Dr. Hutton, he seems to 
have it in view in the following passage of his state- 
ment : " The breaches and separations are numerous 
"and distinct; but they are, for the most part, 
completely Jilted up with minerals of a kind quite 
different from the rock on each side of them, and 
" remarkable for containing no vestiges of stratijica- 

"tim 
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" tion. We are thu§ led to consider the unsf ratified 
" fossils, the second of the divisions into which the 
" whole mineral kingdom, viewed geologically, ought 
" to be "distinguished." Two distinct facts are here 
taken for granted, viz. that tlie breaches and sepa- 
rations in the strata are for the most part com- 
pletely filled up; — ;and that there is a great class of 
minerals, containing no vestiges of stratification. 
Both these objects are very important in geology, 
and require to be distinctly discussed. 

1 83. Thus a clo^e analysis of the exposition given 
by Mr. Playfair of the theory, which considers eleva- 
tion as the cause of the existence of our continents, 
has been productive of several geological questions, 
all of them entitled to the greatest attention from 
those, who wish to know what may really be ex- 
pected from the science to which they belong. It 
may be observed first, that these questions, though 
distinct.from each other, are mutually connected to- 
gether; and further, that they relate also to other 
objects, of which I have allowed myself only a simple 
mention ; as they could not have been discussed any 
otherwise than in reference to this connexion, which, 
when duly treated, will prove sufficiently decisive 
with respect to each of them. The first of the stated 
questions which I propose examining, as being the 
least dependent on others, and because the conse- 
quence, which will result from its decision, will lead 
to an analogous object of greater importance in the 
following discussions, is this: Are " the breaches 
$i and separations" in the strata " for the most part 

" completely 
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K completely jf£fl# up" as maintained by' Mr. Pla\M 
fc»? 

1 84. And here he appears to confine his attsnticcz 
to the metallic veins; but it is in a very vague 
ner. We agree respecting their origin, in regard 
which I have also the satisfaction of finding 
opinion coincide with that of Mr. Werner; th- 
$r@ fissures produced in the strata, which have be 
filled up with extraneous substances, cabled the gi 
gue of the veins. But Mr. Playfair and I begin 
differ on a point which respects the nature of 
gjmgue, or content of the fissure; it is the first sp>^- 
Gies of the class pf substances by him asserted 4q 
" contain no vestiges of stratification" Now, though 
*he stratification here is not similar to that of the 
strata themselves, it is, nevertheless, very distinctly 
.marked, and ought VP be known by those, who at- 
tempt, as Mr. Playfair does, to ascertain how the 
clefts were filled up. Jt is a stratification, which, 
for the njost part, has extended symmetrically from 
either side, w<& waited in the middle; . where, the in- 
QFus^tions being of an irregular thickness, empty 
.spaces were nece^&rily left between them when they 
mvoe to oieet: it is there that the finest crystalli^a- 
:tiQ9s are fbufld, those dryses which form the orna- 
ment <>f .cabinets. When I was at Fret/berg, Mr. 
Werner gave ine a direct proof, as well of the me- 
jftUic wins havii^ prigiaally boen fissures, as of the 
winner in which they had been filled up by succes- 
sive straff. * H[e showed Hie a vein, which, after 
being &Ue4 ¥p, in the first instance, with extraneous 

substances, 
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sufctanees, bad a second time beep split asunder ; 
through the middle* of that gangue, a new oqeb$? a 

ing subsequently formed in the cleft, the strata of 
which corresponded also on either side. For this 
Mr. Playfair cannot account by the mode in whicfc. 
he supposes those veins to have been filled up*- viz, 
by substances which " appear, in many instances,. 
<€ to have been the instruments of the elevation of, 
*' the strata." 

185. But in order to understand the nature of 
*x*etf*llic veins, it is not sufficient to consider them m, 
Uaving been produced by fissure* in t^c i*tpata ; t for, 
a circumstance frequently attends tiittfl, wfriph has 
caused, this opinion to be rejected .by many geqior 
gists; amongst othprs, by M. p£ ,l^ M^theru^ 
dad by M. CHAa^Mi^u, CanseiUtr des Mines at 
Freyberg, aal a very skilful mineralogist Metallic 
veins are often found highly inclined, and of con^ 
liderable thickness : there arc, indeed, but few, whicfy 
are not thus characterised; and this circumstance 
even accounts for the shift*, mentioned by Mr* 
Playfair; for there could be none in veins vvhicfy 
were vertical Shifts are occasioned by new fissure^ 
in a vertical direction, passing through the veio^ 
the sides of which have changed their relative 
level Now when a metallic vein q£ a, certain tfucfc 
ness |5 higlily inclined, tlie geologists of whpm I ^n> 
now speaking, deduce thence an argument unf^voyjft 
able to. the opinion that the veins have been $?$vu$s j 
since* in tfeat cpse, before they could h&w begft 
filled Mp by the gai^gue^ the roof, or upper pftft 

having 
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having no support, would have fallen in upon the 
wall, or inferior part. This objection cannot be 
answered, unless the whole series of catastrophes, 
whifch the strata have undergone, be collectively 
considered ; but, when that is done, it affords a de- 
monstration, that the inference drawn by these geolo- 
gists from the phenomenon just noticed, viz. that the 
Metallic veins were formed together with the moun- 
tains, is erroneous. 

h 1 86. AH the strata, which now compose moun- 
tmris,^rere formed originally in an horizontal position; 
this is attested by the strata of breccia, and by those 
which contain iharine bodies ; but it has been shown 
that they* have undergone fractures fend angular 
movements, in : consequence of which, the strata of 
strch masses afc our 'mountains are found to be highly 
kldined, and etfeh Vertical. It has likewise been 
shown that these catastrophes did not take place at 
cme and the samfe time, since, after the first convul- 
sions, which were inconsiderable, secondary strata 
were formed ori the prvmtwc y wjiich had been al- 
ready fractured ; and that, at a subsequent period, 
the whole mass was subjected to more violent catas- 
trophes : now hetice we may collect the history of 
the veins. ! They were originally wide fissures, formed 
vertically in the mass of the strata, and were filled 
up with extraneous matter, while in that position ; 
but afterwards these veins participated in all the ca- 
tastrophes suffered by the strata, being enclosed in 
the great masses which underwent angular move- 
ments ; and thence it is that their sections, like thost 
. ' -, • ■ ■ " of 
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of th£ strata, occur in the sides of some vallies, aiid 
on the summits, where, in the language, of miners* 
they basset out. . . 

187. It was, _ then subsequently to the catastro* 
phes which had. occasioned {.vertical fissures in tha 
strata, -that, the first uunerabvems werfc filled, up* 
The false veins, (or. shifts,) 5 produced by some fresh 
convulsion during the same period, were filled up 
with other minerals, and were afterwards fractured 
and displaced. But the vacukth*; formed during the 
period of the greater catastrophes jwhich followed* 
were not filled up? and ;Mr.?Playfair is, . therefore* 
mistaken,' if he thinks that eveiry passage, capable 
of affording an escape - to the ^xp^nsibl^ fluid, by 
which the continents were to be raised up,, was thus 
closed. For at this time numerous caverns were 
formed in the interior porta of the masses of strata, 
constituting mountains. I have shown, while fol- 
lowing M. de Saussure in his descriptions,, that many 
phenomena of streams among mountains prove that 
such caverns exist; and a gfeat many of them are 
immediately known to us, such as those in the me* 
talliferous mountains of Derbyshire, and of Hartz. 
By filling the mineral veins, therefore, in order to 
close up one kind of outlet through which the ex- 
pansible fluid might have passed, no purpose could . 
be answered; so .many new passages having been 
opened for it by the catastrophes, which happened 
subsequently to the formation of those veins. 

i 

• * 

188. The contents of mineral veins form the first 

E object 
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hi whitfh Mr. Plkyfafr treats, upon coming to the 
class of Substances, in frliich he eonteadb that " no 
" vestiges of stratification" occur; an ttssfertioo 
here shown to be inaccurate. He then passes on to 
katdtit and wfi'mkUme y «clnsiderittg them baft as 
wfcstaneea, which, in a •state of fosim, imib fetch 
bly injtfdBed among the strata; TMs is )a point jftidb 
tiontfesfted am6rtg minml6gitfts, and one /whfefc tee 
divided Viem into two dfctmet classes, known toy th* 
fcppelktion of Vtrfecmstz and Neptxnistt; %be &r* 
ftifer considering these 9ubsfehttte& a& vofamtQ the 
letter, as having been produced tiy the Aw, 4&e the 
othefr gtrata. I shall not d\tett on tkis difference e* 
opinion, because it is f oteqm froirt out kibject ; for 
we are peaking xrf the />i«t/t/rcj and angular foot** 
tuetitsvf the strata : %diite the fa&dt£& and the ivhh* 
stone having undergone these <cata&ropfcs tdgetter 
with the**her strata, oanfio^bc ranked in.lhk **ttt#- 
feefr ctf th*>se stfbstances, fchich have served 8$, "ffer 
" strulftehts" i& such catastrophes. But another 
fcoriskterabte dass of Btrbstawoes, §>taced: fey Afcr. 
Pfayfair in the snnftber of those which nmbibtt " no 
" vestSgea of $ttetificdtijcH),"vi^ 
witl leail n& to a ve*y irn|S6rt tot question, <coiwifectefi 
with a+t those already iiH&fcrated ws ffcsiritfkig 4ttito\ ttn 
•analysis tof Mr. 'Ptej^iit'^ airgtnnlenli, in : favour .-tef 
T tlie theoiy *of elevation ; to the examibaifion *tf lb* 
'question r I -shall now iproceqA. 

189- I have shofcn m § ISO,. <hat thfe tiruttodian 
theory wholly rests on the proposition ; " That ouf 
"forafral Strata w»e fooduood ^fnm^St watte of 

" ancient 
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** dntieni tontinents? I shall therefore \iemn with 
examining this proposition, one of the most singular 
ever advanced in geology. The strata of our pre- 
sent continents could not be considered as the pro- 
duct of others more "ancient" unless they were 
•apposed to be now preparing the materials of' future 
continents : this* accordingly, i$ taken for granted $ 
and it is alleged, in proof of it, that running waters 
fcove carried down to the sea all the materials which 
they have collected in excavating v»llies, and even 
cnuch more, as the whole surface of our continents 
is supposed to be already considerably knvered. But 
I have proved tfcat, in fact, running waters do not 
carry £*i these pretended operations ; end thaftheir 
Teal effects are tending to &eir end. It would also 
■fee necessary for the support af this hypothesis, that 
the sediments, formed by rivers at their months, 
«houki be -diffused over the whole bed of the seaj 
aMhereas I ?m ve proved, en the ootrtrary, that they 
remain along the coasts. But let us for the present 
pass, over these points, and allow oil that has been 
onearvatod from the vaMies, and much more* to hate 
■been propelled by the rivers to die ocean, aiid tfaete 
eeatteFed ever the vrhole of its bed. 

i$g). The phenomenon stffil lo be explained con- 
sists 4n the strata, of so -many different genera and 
epecies, wkfch art iaid one upon another through- 
out the whole extent of our continents, and con- 
sequently -must have been in the same position at 
4ftie bottom of the ancient sea: and ail these are sup- 
-posed to have beaa firodueed feyrthe ssdiments of 

p 8 fivers 
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rivers belonging to ancient continents. Now irh# 
ever has observed the sediments of rivers on the 
coasts, must know that they are composed of a con- 
fused mixture of all the minute particles, detached 
from the different kinds of strata, through which the 
rivers, and their various branches, h ave happened 
to flow. This being a well-known fact, could the 
most lively fancy invent any cause, which, in the sea, 
should not only separate these particles, according to 
their different genera and species, but retain them 
thus separated, until the destruction was completed 
of the continents whence they had proceeded, in or- 
der afterwards to diffuse them over the bottom of 
the sea, and there to arrange all those several genera 
and species, in that regular manner, . in which the 
various strata of our continents are everywhere dis- 
posed ? This consideration, which arraigns the whole 
theory, I bad already presented in my first letter to 
.Dr. Uutton, though neither he, nor Mr. Playfair, 
have at all adverted to it in their works. 

- 191. Thus do they pass over impossibilities, while 
.they pevertheless- consider their theory as demon- 
strated.. In the same manner, we have seen Mr. 
Playfair rest the hypothesis of elevation by heat on 
the evidence of a great internal heat of the globe, 
4)y affirming that heat to he demonstrated by the in- 
duration of the strata : although, in my first letter 
to Dr. Hutton, I bad opposed to this cause of con- 
solidation two arguments, neither of which he has 
noticed. The first was deduced from the remains of 
marine animals ioufid in so many solid strata, as well 
, . - . a* 
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as in loose beds, and in the concf tti&ns' formed in 
these last; and, after having mentioned the facts; I 
thus proceeded : " The sea-shells, mentioned in rtifcny 
u of the above examples, lead me to a more general 
u objection against your hypothesis: It atfould be 
Ai sufficient to examine these bodies, to be convinced 
u that the concretions, in which they are found, had 
" not undergone a heat of fusion. But, moreover, 
" how could you conceive that the animals them- 
" selves, of which these are the remains, had lived 
* upon these very strata, which you suppose to have 
u been successively' consolidated by fusion ? Here 
" ends every appearance of possibility ; and I might 
have confined myself to this single objection, had 
I not thought it preferable to follow all the argu- 
ments, which you have adduced in favour of your 
hypothesis/* The second of my arguments was 
drawn from the intennixture of the loose wkh the 
stony strata, even where both are of the same kind, 
and, among other instances, I had in view those strata 
of soft marie, intermixed with others of calcareous 
stone, which are described in § 160. But indeed 
this is a very common phenomenon, and is frequently 
observable in the cliffs of the British coasts. How 
is it then, that, without an attempt to answer these 
peremptory objections, nay, even without noticing 
them at all, Mr. Playfair can say, 4€ We are assured 
u of the existence of such a power in the mineral 
** regions? 

193* But the following passage seems to explain 
(he reason, which determined him in favour of this 

\ cause 
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cause of the consolidation of th* strati. * We Imvo 
" indeed no other alternative, but tkber to adopt 
" thift ejcpkwdth&n, or to ascribe the facts in question 
a to some secret and unknown cause, though we are 
" ignorant of its nature, and have no evidence of its 
'* existence? The theory, thus characterised by Mr, 
Playfair, is that which has been received by the most 
eminent geologists, among others, by M, de Dolo- 
mieu and de Saussure, viz. that our mineral strata 
fu'e the product of chemical precipitations from a //- 
quid> which originally encompassed the whole globs, 
But We have seen that Mr. Play&ir is desirous of 
banishing from geology every idea of an assignable 
Commencement to the operations, of which we sec the 
monuments cm our globe. To effect this purpose, it 
would be necessary that he should prove our mineral 
strata to haye been produced from those of conti- 
nents previously destroyed, which themselves had 
been farmed from the rains of other continents, with- 
out any assignable limit. Now, if we attend to all 
that has been advanced, both by Mr. Playfair and 
Dr. Huttoft, and particularly by the latter « the first 
and seventh chapters of hjs Theory of the Earth, 
with a view to set asitie ihemioul opetvlivm*, it will 
be obvious that nil their objefetiohs arte directed to 
(his pojnt, viz. that ckemieai opemtims eanfrot ex- 
plain the groundless hypothesis, of th£ traasifcrma* 
tion qf the remains of ancient tontm&fts into stiii 
fitratq, suph as ours: and thus the action df^e&trme 
heat is the only remaining mean? of accounting for 
that imaginary transformation. Tfeis k indeed 'die 
who* e argument; for #> wtmm ib tfddbeed £*^»t>*8 
8 ' that 
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that heat itself is capable of pcoducfeg aq dfeciof 
this nature ; and' as they suppose sudj ppetattoo§ Jo 

have been carried on only at the bottom of the sea 
they think themselves under no obligation to give p*y 
examples of them on the surface yf the earth. But 
let us now come to the real systejn qf chemical pre- 
cipitations, which these geologists could not thu3 
have misconceived, if they had sufficiently considered 
its effects. 

194. It is now generally acknowledged, even by 
Dr. Huttontuid Mr. Playiair, who except only grot* 
?iite 9 and the substances of the same class, that aU 
our mineral substances were formed by deposit** of 
some kind, at the bottom of the ancient sea ; and that 
not partially, but throughout its entire extent, their 
strata constituting the whole observable mass of our 
continents. And here an absolute dil^nunf presents 
itself. There are but two possible soorpes of tte 
matters forming these strata at the bottom 9i the ao* 
cient sea : they must either haw proceeded iwm thp 
lands, which surrounded it; or tbey must &av£ been 
separated fr6m the liquid, which urigin^y formed it* 
Now, since dilemma/5 have iieea in use, &r4hfcpiirp0*£ 
of establishing the truthxrfooe pix)fK^ition, fey radud* 
ing the only other which ceuld IrebrougtaiotovpHNpe* 
tkion with it, I do ngt think that anymore flpnmptory 
end ^resistible urns? <pf pzckskv bu jewr heeq 
brought forward, than, that, whkh I ,baye stated abov£, 
against *ne ^f jbe ^positions, qf tim ^Bemnft, re- 
specting She source of the jobstancas toning jour 
tiftiiMKaia&aia : fMfortanffffE w hiffh , iWWft u nd oubt e dly , 
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did not proceed from other continents. Nor is this 
argument applicable only to the Huttonian theoiy, 
but to many others also, in which, with different 
modifications, recourse has been had either to the 
action of li vers and of the sea upon existing conti- 
nents; for. the purpose of furnishing the materials of | 
new continents ; or to operations of the sea within 
its .bosom, for that of transforming ancient stratified 
deposites, or other masses, into new and solid strata, 

195. We find then that chemical precipitations 
alone remain, to explain the existence <Jf strata such 
as ours, which, at the same time, are in perfect con* 
formity to the nature of that cause. This might have 
seemed doubtful, so long as our strata were con* 
sidered solely in their present state : but, since it 
has been demonstrated by M. de Saussure that they 
were originally formed in an horizontal position, for 
the most part parallel one to another, and disposed 
according to their several genera and species; so that 
their actual state is to .be ascribed to fractures 9 
changes of relative level, and angular movements of 
jeparate iqasses: in a word, since their formation 
has been ascertained to be very distinct from their 
actual position ^s$ is admitted by Dr, Hutton;) the 
correspondence of the former with successive chemi- 
cal precipitations, of different genera and species, 
from one and the same liquid, most evidently appears, 
This is the cause, which was first assigned to them 
by M. de Saussure^ and I have adopted it after him 
land M. de Doiomieu. , Supposing, therefore, that 
we wpW proceed m farther in this explanation of 
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the origin of our mineral strata, nor determine any 
thing a* to the manner of the operation ; it would 
still remain certain, both from the exclusion of every 
other origin, and from the conformity of the effect 
with the nature of the cause, that they were pro- 
duced by chemical precipitations in the liquid of the 
ancient sea. 

196. But we are not confined within such narrow 
limits* We cannot, it is true, apply the particular 
laws of chemistry to the formation of our strata, for 
reasons which I shall presently explain ; but its ge- 
neral laws throw great light on these operations. M. 
de Dolomieu, with whom M. de Saussure and I co- 
incided in opinion, expressed long ago his surprise, 
that some mineralogists should have applied them- 
selves to the search of a menstruum, or even of se- 
veral menstrua, capable of holding the substances of 
our strata together in solution. Such a search has 
hitherto proved Tain ; for we cannot go back, by the 
specific affinities discovered in our experiments, to 
that state of things, which existed on our globe once 
only, and which then soon began to undergo suc- 
cessive changes, by means of the precipitations 
themselves. At that period, the primordial liquid, 
from, the reciprocal affinities of all its ingredients 
with each other and with water, contained all the 
substances, which, at present, are divided into four 
general masses, viz. our strata, the atmosphere, the 
water of the sea, and common water/ How is it 
possible to recorapose a liquid, formed of all these 
substances, while the elementary ingredients^ whence 

the 
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the affinities then arose, are now dispersed in certa» 
Combinations^ of which we have but a very imperfect 
knowledge ? 

197. Let us now come to a mom general object 
What is a menstruum? The only answer to thii 
question, with which we are furnished by the united 
results of all our experiments, is, that a menstruum 
is water, already combined by affinity with some 
ingredients, in such a manner, that the ctmpouxd ii 
capable,, in consequence of new affinities arising is 
it, of uniting itself with other substances. Ma Hi* 
thollet, who has been more successful than anj 
other chemist in the observation of those eftnitfei 
which result from a combination of other aflinkiei* 
has already rendered many of them manifest by ac- 
tual experiment A new ingredient, united by offi* 
pity to a menstruum* gives birth to new affinities ; 
this is a general lew, to which we can assign no li- 
mits j although, ia the combinations which we are 
able to produce, it is confined within very narrow 
bounds ; because we are unacquainted with a multi- 
tude of the ingredients, which enter into the opm« 
position of the different substances of our globe. 
Of this we have sufficient proof, from the ^mpossfr* 
bility of reewtpmng the mineral guftstaftees **ith d* 
coercible ingredients furn»had fcy/ouranalyae*. 3For 
we are even igaomot, aeM.de Dotamiey obaemts, 
in what order the ^gradients, which tteabtain, me 
combined; whether it mas in the fin* mbleeutas, m 
in the aggregation of these molecules s*to dkfemft 
solid bodies n^fotkjgraetiy^**^ j*gmfiM* 

in 
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a oitr analyses, though exhibiting yery different pro- 
>ertiea. This is, however, though expressed in so 
jeneral a manner, an essential point of Consideration, 
>& account of the succession of affinities known to 
triae from first combinations* 

198, We are then authorised tp say—that the 
irktoordial liquid, in consequence of a multitude of 
combined affinities, contained the greatest part of 
:he ingredients, which pt present compose the known 
substances of our globe ;■— and that they have been 
separated from it by successive precipitations, pro* 
kced, both by new ingredients ascending from the 
interior parts of the globe, and by the separation of 
cither ingredients, which, being disengaged in the form 
0f expansible fluids, have successively composed our 
atmosphere. Now, the knowledge of the astonishing 
composition of the atmosphere, that essential part 
if the substances of our globe, a knowledge indis- 
pensable in considering the operations which have 
aken place upon it, i« obtained, only in proportion 
o our care in combining meteorological chemistry 
nth that of our laboratories. It is not difficult to 
ietermine (as I have shown from the connexion 
ritfe other phenomena) how new ingredients may 
Wve ascended from the interior of the globe ; and 
potagy, at the same timfc, by tery distinct monu- 
wtri&s in our mineral strata, furnishes to with fte 
attffrledge of the effects, .which were thence pro- 
Itetid in organised beihgs, iharihe fe -well as terres- 
ftelj «i account of the jcoitfttpotidihg dr&itges of 
he liqwW «f &£«&*, attd of tt* atmosphere. But 

for 




220 

for the details of this theory I must here refer to my 
Lettres au Professor Blumenbach, Paris edition. 

» 

199. The several discussions entered upon above, 
although introduced by Dr. Hutton's theory, (the 
hypotheses of which, as Mr. Playfair acknowledges, 
have not excited much attention) serve nevertheless 
to throw considerable light on the geological points 
to which they relate. This will also be the case ia 
regard to the following points, the first of which ifr 
the theory of elevation considered in itself; a theory 
which has made part of some other systems of geo- 
logy. We have seen that M* Playfair contents 
himself, relatively to this great operation, with 
saying, that the " expansive power of heat has no 
#i limits;" without pointing out the specific mode or 
its action. This renders jt^ necessary to go back to 
the exposition, which Dr. Hutton himself has given 
of the grounds of this hypothesis ; but it will lead us 
to several important remarks. The subject is intro- 
duced at page 141 of his first volume* 

<c A stream o£melted lava flows from the sides of 
* Mount JEtna. Here fe a column of weighty mat- 
" ter raised from a great depth below, to an imipense 
u height above, the level of the sea ; and rocks of 
*' an enormous size are projected from its orifice sow 
" miles into the air. Every one acknowlegeg that 
1 ' there is the liquefying ppwer and expensive fmfi 
" of subterranean jire % or violent heat. But, tM 
" Sicily itself had been raised from the bottom of 
u the ocean, and that the marble called Sicilian jas* 
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" pdt, ha4 its solidity upon the same principle with 
lava, would stumble many a naturalist to acknow- 
ledge. Nevertheless, I have in my possession a 

* table of this marble, from which it is demonstrated, 
"that this calcareous stone hud Jlowed, and been ia 

* such a state of fusion and fluidity as lava* 

i 

" Here is a comparison formed of two mineral 

* substances, to which it is of the highest importance 
" to attend. The solidity and present state of this 
41 is commonly thought to be the operation nijire ; 
*' of the othqv again, it is thought to be that of wa~ 
u ter. This, however, is not the case. The imme- 
#c diate state and condition of both these bodies ar# 
44 qow to be CQnsidered as equally the effect of Jire, 
u or heat. Th^ reason of our forming such a different 
"judgment with regard to these fcyo subjects is this j 
" we see, in the one case, the more immediate connec- 
" tion of the cayse and the effect, while, in the other, 
«* we have only the effects from whence we are in 

* science to investigate the cause. But, if it were 
necessary always to see this immediate connection, 
in ordei 1 to acknowledge the operation, of a power, 
which, a{ present, is extinguished in the effect, wt 
Should lose the benefit of science, or general prin- 

[' ciples whence particulars may be deduced, and we 
** should be able tp reason no better than the brute. 
f* Man is made for science ; he reasons from effects 
" to causes, and from causes to effects : but he does 
ffaot always reason without error. In reasoning, 
■"therefore, from appearances which are particular, 
?< pure must be taken how we generalize ; we should 
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" be cautious not to attribute to nature, laws which 
" may perhaps be only of our own invention. 

M The immediate question now before as is not, if 
tike mkterramone fire, or cheating power, which 
we perceive sometimes as operating with such en- 
ergy, be the consolidating cause of strata formed 
at the bottom of the sea ; nor, if that power be the 
* mean* of m&iwgtani appear above the mrftccof 
" water: for, though thie be the end we want toar- 
*' rive ot **tknateiy, the question art present k agi- 
" tatien, respects th* &k# «f nature, *r tita £§we- 
" f*tefy of particular appearance*. 



* Has the gkbe within it sndb an active power, as 
** tftt* it for the nenovaHaon of *ert part of its <*n- 
"atractiion which may be snfejeet -to decay? Are 

* ttoee powerful operations of jfrv, vrwdternmms 
u A*tf, which m often feawe fitted «g with /terror alii 

* astotttfhweat, to be considered a* 4m Vkig nb^ys 

* been*? Are they to be conceded <as ftoeper to 
41 ^*wy par* «pon *he <gWbe, finflw tmtimml m the 
H system <s£ the ♦earth? If. these points in question 
«" 'sbaM !be 4e<M*& in 'fee t^raa&ve, weemtoftt 
M w» lose k aaeertegfttftg <he power ^fhiebfoas «•#* 
* 4 flidated Xtrf&i, nor w^e^lffk^lth^ pre9ert«^• 
^ rta« ^f Ihoee be«e9, ^iftfchtoad &eir origin «**he 
** fccttom of the aea. This, ifeerefare, *o«Ad %*tfae 
" object of our pttfswfc; «td 4n o*der*o feaf« dbma- 
« 4tN&m hta case of physical kwpftry, *» rflwt*gB&l 
^ thaw 4wow se to the %eok of rmtwe. 
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u The general tendency of &§«f is to product J&i- 
w&ry and softness ; as that of wW id, on the con- 
trary, to harden soft awd ftrid bodies. But this 
softening power of Jtatf is not uniform fa its nature ; 
it is made to act very different effects, according 

* *o the mature of the substances to whish ft is ap- 

* $>ticd* We are but limited in the art of inepsasing 
41 tfre Awfr w the *©/rf of bodies 5 we find, however, 

* warnae dfcfcicace ia their substances mtk rasped; 
" to fluidify. 

( " & fusible subfetanoe, or mineral composition in 

* a jffoitf state, 4s emitted from those places ctf the 
% tearth at which subttwtmeous fire and expansive 
"jforce aw manifested in those eruptive operations. 
*' (tn csantining these emitted bodies, men of science 
m <find m character for such productions, m general- 

* iaitg the substance, and understanding the natural 

* confutation erf those bodies. It is in this manner 

* that such a person, finding a piece of A«win«ny 
"tptaot of the earth, say* wtoh certainty, here is a 
>" stone which has congealed item a melted state. 

. ~" Having thus found a dUtioguishifig chairac»er 4 for 
"flfltaae /jaw? sobstatices balled, in general, imme, 
"rioULteving the moat vfoibte murks for *h*t which 
*?;%*» bewradt^ly* w/cam> ? neutralists, in e&amin- 
•^taag ttifewrat countries, heve 4iscovered the «©gt 
w undoubted .proofs of many ancient ^©icanos, which 
"-fetid rnot toeen before suspected. Thus vtf&tnos 
^wttl appear to be not a:matt*r of accident, -or only 

* iurppening in a particular place; they are general 

"to 
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\ to the gIobe > so far as there is no place upon the 
earth that may not have an eruption of this kind ; 

" although it is by no means necessary for eyerj 
place, to have had those eruptions. 



" Volcanos are natural to the globe, as genera 
operations ; but we are not to consider nature ai 
having a burning mountain for an end in her inten 
tion, or as a principal purpose in forming the ge 
neral system of the world. The end of nature ii 
placing an internal fire or power of heat, and i 
force of irresistible expansion, in the body of tin 
Qarth, is to consolidate the sediment collected at th 
bottom of the sea, and to form thereof a mass o 
♦permanent land above the level of the ocean, fo 
the purpose of , maintaining plants, and animal! 
The power appointed for this purpose is, as on & 
occasions, where the operation is important; aa 
where there is any danger of a short coming, wisel 
provided in abundance ; and there are contrive 
means for disposing of the* redundancy. These, i 
the present case, are our volcanos. 
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" A volcano is not made on purpose to frighte 
superstitious people into fits of piety and devotioi 
nor to overwhelm devoted cities with destruction 
a volcano should be considered as a spiracle to th 
subterranean furnace, in order to prevent theur 
necessary elevation of land, and fatial effects « 
earthquakes ; and we may rest assured, that the; 
in general, wisely answer the end of their institi 
tion, without being in themselves an end, for whic 

" natur 
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" nature had exerted such amazing power and excel- 
" lent contrivance. 

" Let us take a view of the most elevated places 
" of the earth ; if the present theory is just, it ih 
" there that we should find volcanos. But is not this 
" the case? There are volcanos in the Andes; and 
" round the Alps w r e find many volcanos, which ar6 
" in France upon the one side, and in Germany up- 
" on the other, as well as upon the Italian side, 
" where Vesuvius still continues to exhibit violent 
" eruptions. 

tc It is not meant to alledge, that it is only upon 
" the summit of a continent, volcanos should appear. 
" Subterranneous fire has sometimes made its ap- 
" pearance in bursting from the bottom of the sea. 
" But even in this last case, land was raised from 
" the bottom of the sea before the eruption made its 
" exit into the atmosphere. It must also be evident, 
" that, in this case of the new island near Santorini,' 
" had the expansive power been retained 9 instead of 
" being discharged, more* land might have been 
" raised above the level of the ocean. 

" Now, the eruption of that elastic force through 
" the bottom of the sea, may be considered as a waste 
" of power in the operations of the globe, where the 
" elevation of indurated strata is an object in the 
u exertion of that power; whereas, in the centre of 
" a continent sufficiently elevated above the level of 
" the sea, the eruption of that fiery vapour calcu- 

Q "lstcd 
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u lated to elevate thfc land, while it may occasionally 
" destroy the habitations of a few, provides for the 
" security and quiet possession of many* 

" In order to sec the wisdom of this contrivance, 
let us consider the two extreme places at which 
the eruption of ignited matter may be performed. 
These are, on the one hand, within a continent pf 
land, $nd on the other, at the bottom of the oeeap. 
In the one case, the free eruption of the expanding 
power should be permitted ; because the purpose 
for which it had been calculated to exist has been 
accomplished. In the other again, the free erup- 
tion of that powerful matter should be repressed ; 
because there is reserved for that power much of 
another operation in that place. But according to 
the wise constitution of things, this rfmst necessa- 
rily happen. The eruption of the Jicry vapour 
from volcanos on the continent of land, is inter- 
rupted only occasionally, by the melted bodies 
flowing in the subterraneous chimney; whereas at 
the bottom of the ocean, the contact of water ne- 
cessarily tends to close the orifice, by accumulating 
condensed matter upon the weakest place. 

" If this- be a just theory of the natural operations 
of the globe, we shall have reason to expect^ that 
great quantities of this melted matter, ov Jusible 
*' substance, may be found i(i form of lava, ^mofig 
" the strata pf the earthy where there are no visible 
" marks of any volcano or burning njpuntain, having 
" exi&ted. Here, therefore, is an iipport^nt point to 
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" ke determined ; for, if it shall appear that niach 

r * cf this melted matter, analogous to lava, has been 

c - forced to flow among the strata which had been 

c ibrmed at the bottom of the sea, and are now 

found forming dry land above its surface, it will 

_ be allowed, that we have discovered the secret 

operations of nature concocting future tynd, as 

s well as those by which the preseiit habitable earth 

* had been produced from the bottom of the abyss. 

* Here, therefore* we shall at present rest the ar-> 

* gument, with endeavouring to show that such is 
: * actually the case." 

200: This is 7 all that relates to the! theory itself: 
I' shall shortly make it appear that Dr Huttori 
kiere rests the argument oh a point, which it was un- 
necessary to prove, but which, in fact, is of no service 
to him. This passage affords a general example of 
the philosophical tone, the display of method, and the* 
ftequent reference to Jinal causes, \vhich characterise 
bis work. It is this method, to which, no doubt, he 
Conceived himself to have scrupulously adhered, 
^hich persuaded him, and may persuade many of 
his readers, that, without the necessity of minutely 
Surveying all the objects presented by the! earth's 
surface, or even of going out of his own cabinet, & 
u table of Sicilian marble" or " jasper? jarid some! 
other specimens brought forward from his collection 
. of minerals, might lead to the formation of & The* 
vry of the Earth. In this exposition of the system 
J&ay be seen also an instance of what I have re* 

n a marked 
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marked above; — that, when Dn Hutton was invea- 
tigating the causes which might have consolidated 
our mineral strata, he had in view, in their applica- 
tion, his own hypothesis only respecting sediments of 
rivers collected at the bottom of the sea; while I 
have proved that no such origin can possibly be as- 
signed to the materials of which our strata are com- 
posed. But what it is at present most important to 
consider in this exposition is, that Dr. Hutton hen 
explains himself as to the nature of the " expansive 
" power of heat," supposed to have raised up our 
continents, an explanation which Mr. Playfair has 
omitted to give. This power, according to him, is 
exercised by an expansible fluid, which he calls 
" fa r y vapour" and this indeed is the only form in 
which heat can be employed in such an operation. 
Here then we have a fixed point to direct us in the 
examination of the theory of elevation, not only in 
this system, but in all those which ascribe to this 
cause the retreat of the sea from our present conti- 
nents. 1 shall first however make another observa- 
tion on the foregoing statement of Dr. Hutton. 

20 1 . We have seen him present his theory as lead- 
ing to two conclusions, which are to be such, that, 
if verified by facts, they will render it evident, that 
he has " discovered the secret operations of nature 
" concocting future land, as well as those by which 
" the present habitable earth had been produced 
" from the bottom of the abyss." The first of these 
conclusions, and its proof, are thus expressed. " U 
"the theory is just, it is in the most elevated places 
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" of the earth that we should find volcanos. But is 
u not this the case ? There are volcanos in the An- 
" des, and we find many round the Alps." This is 
true; but it will appear that these facts, instead of 
confirming his theory, do, on the contrary, overthrow 
it. 

202. The other conclusion, and that on the veri- 
fication of which he finally rests the whole of his 
argument, is as follows : " If this be a just theory 
^ of the natural operations of the globe, we shall have 
u reason to expect that great quantities of this melted 
" matter or fusible substance may be found in form 
" of lava, among the strata of the earth, where there 
" are no visible marks of any volcano, or burning 
" mountain, having existed." He then goes on to 
prove that basalt and whinstone, those mineral sub- 
stances on the origin of which mineralogists are di- 
vided, are in fact materials, which, in the state of 
fusion, have been injected among the strata; but 
thifr is perfectly unconnected with the object which 
he has in view. Whether these substances are or 
are not what he supposes them, it is certain that 
while our mineral strata were covered by the sea, 
real lavas flowed over them, issuing from openings, 
on which rose considerable volcanic cones; in the 
same manner as, when the sea had abandoned our 
present continents, a great number of volcanic islands 
were soon formed on its new bed. In my first geo- 
logical work, I have indicated several of these lavas, 
which had been diifused over the bottom of the ancient 
eeg, and there covered by other strata. This, then, 

wquW 
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would answer Dr. Hutton's purpose, if any thing 
could ; but it will be seen, by the discussions upon 
which I am now about to enter, that this very phe- 
nomenon will tend to the subversion of the hypothesis 
of elevation, as well as of that of the consolidation of 
our strata by heat. 

203. To this end, I shall begin with examining 
what Dr. Hutton adduces as an instance of an ck* 
^cation of land. " It must be evident," he says, 
" that in the case of the new island near Santorini, 
" had the expansive potter been retained, instead of 
" being discharged, more land might have been 
" raised above the level of the ocean." He after- 
wards, however, observes that, in such a case, " the 
" free eruption of that powerful matter should be 
" repressed, because there is reserved for that power 
•' much of another operation in that place:" (the 
ekvation of future continents.) " But according to 
" the wise constitution of things this must naturally 

" happen At the bottom of the ocean, the contact 

*' of water necessarily tends to close the orifices, by 
" accumulating condensed matter upon the weakest 
"place." This is considered by Dr. Hutton as evi- 
dent ; and so it may have appeared to those who, 
like him, are unacquainted with the history of the 
kland in question, which arose in the Archipelago 
in 1707, a fact attested by eye-witnesses : I h$d re- 
lated it in the 1 st vol. p. 506, of my Lettrts sur 
I' Hist aire de la Terre et de V Homme, on the autho- 
rity of Lazzaro Mouo, who, like Dr. Hutton, had 
cited it in proof of the elevation of ovir continents; 
Jmt \ showed that it bore no analogy to such an 

effect. 
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effect I shall again insert the account of h here ; 
as it will serve to overthrow every thing that Dr. 
Hutton has said on the subject 

" Some shocks of an earthquake were first felt in 
* a neighbouring island called Santorim; the sea be- 
came tinged with sulphur for twenty miles round ; 
46 mineral substances issued from its bottom, which 
** were forced up to the surface of the water ; a 
4i rocky shelf) black and tremulous, then arose : be- 
44 tween it and the little island Cameni, a ridge of 
44 similar rocks was next formed, and by degrees the 
** several masses united together. As the bland be- 
44 came more extensive, the smoke increased, and 
"flames appeared. When the island had acquired 
** a circumference of six miles, and an elevation of 
u one hundred feet, no less than sixty orifices were 
44 observed in it, vomiting forth smoke, flames, and 
** ignited stones ; which latter, as they accumulated, 
" gradually raised the island to a greater height. 
** This operation otntftiued for the space of four 
" years, when the e.vphsions at length ceased; «6d 
" thus wars formed am bland eompbsed of lava, tin* 
44 ders, and pumice stone." 

9 

S04. Is this am elecatim of land, i. e, of mineral 
strata similar to those which form the mass of our 

r 

c©tf tineats ? Yet such it, ought to be, if adduced as 
an instance of elevation in any way connected with 
the present subject. After having brought forward, 
in my former work, these details of the operation, I 
compared it> and even the formation of the highest 
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volcanic cones, to the work of moles in our meadows, 
which also form cones, by throwing up the earth 
through an opening of the surface. Here the acting 
power, that expansible fluid called " fiery vapour' 
by Dr. Hutton, forced up, through sixty different 
orifices, "lavas, cinders, and pumice stone " These, 
indeed, produced an island; — but no elevation tf 
land took place ; nothing was forced up but these 
loose materials. 

205. We also find from this account that $e 
operation did not end in the manner supposed by 
Dr, Hutton ; its cessation not having arisen from the 
" closing of the orifices by matter condensed" by the 
" contact of water ;" for so long as the operation 
was confined below the surface of the water, the 
contact with that liquid produced only the decompo- 
sition of the expansible fluid, which gave to it a 
" sulphureous tinge," in like manner as the same 
fluid deposits sulphur in the craters and other open- 
ings of the- Lipari Islands: but it still preserved 
channels for itself through the substances which it 
propelled from the openings; and when these sub- 
stances had reached the surface of the water, the 
sixty chimnies, on attaining that elevation, became 
so many volcanic mouths, which at last ceased to 
vomit. It was not, therefore, because the orifices 
were " closed 79 that the operation ceased ; it ceased 
without, only because it had already ceased within, 

206. All similar operations, even those which have 
produced the most elevated volcaqic copes, consist 

- • - * only 
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only of materials thrown out, through an opening, 
on the surface, where they spread themselves over 
an existing basis, extending in proportion as the 
chimney, prolonged ill the axis of the increasing cone t 
is carried up to a greater height. But it often hap- 
pens that this basis, undermined by the same ope- 
rations that produce the lava, becomes too weak to 
support the mass of the cone, which then sinks in. 
Such has been the case with Mount Vesuvius, which 
was formerly much higher than it is at this day. m The 
present Vesuvius is a new cone, raised upon the 
ruins of the ancient, of which Monte Somma is a 
remaining part. By the same catastrophe, as men- 
tioned in my work, were destroyed immense cones, 
while still at4he bottom of the sea ; the sections on- 
ly remaining of their latesf lavas, which had spread 
to a considerable extent, and were afterwards covered 
by other strata. I described several of these sections 
of lava in Germany ; which, being turned towards 
a central point, and forming circular ridges around 
an empty space, I called volcanic crowns; and I 
compared them to the relics of large trees in forests, 
hollowed out by time, and exhibiting only such sec- 
tions of their decayed trunks, of which the roots ex^ 
tend under the surface of the soil, as resemble these 
remains of lavas around the depressed cones of vol- 
canic mountains. The place of these cones is gene- 
rally occupied by a lake, unless the waters find there 
$ome outlet, either natural or artificial. 

207. Thus, from the formation of the Isola ?mova, 
fq the Archipelago, from that of Mttyte nuovo near 

Naples, 
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Naples, (an account of which I had alsd given from 
Lazzaro Moro, in my Lett res sur VHistoire de U 
Terre et de f Homme;) frbm my brother's very ac- 
curate observations on Etna, Vesuvius, and the Li- 
pari Islands, likewise inserted in my work ; and from 
mv own observations on the ancient volcunos of Ger- 
many ; it is evident that the " power" to which the 
elevation of our continents has been ascribed, name* 
ly, that of expansible fluids formed in the interior 
parts of the globe, never acted, nor indeed could 
act, as an instrument of elevating any materials, 
without forcing its way through 'some fissures of the 
strata ; where, while it drove before k substances in 
fusion, it must of necessity have escaged. It is no 
less evident, from the instances to whim I have now 
referred, that when, by the means of the sanaae ope- 
rations which produce lavas, the Supports of tW 
masses of strata, upon whieh large volcanic coned 
have been formed by the accumulation 6f lavas and 
cinders, are undernamed, these cones sink down, 
their basis having given way. Had/ therefore, these 
undoubted faets been attentively considered, ho* 
could it for a moment have been conceived, that sad* 
vaults as our continents could have preserved their 
stability over caverns of equal extent, formed in the 
very act of * elevation?' 

« 

$98. At the time when Lazzaro Moro and other 

^geologisjs had recourse to such an operation, in order 

to account for the emersion of our continents from 

the bosom of the ocean, it was not known that they 

weie only vast heaps of ruin*. No attempts had 

yet 
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yet been made to ascertain the cause of the highly 
inclined position of the strata, not only in the mown- 
tains, but m hills, and even beneath the plains; 
and consequently no idea had been formed of the 
angular motions of enormous masses of strata, by 
which that state had been produced : in a word, all 
that naturalists had in view was to explain the ele- 
vation of a continuous mass. However, when I first 
refuted that theory of elevation, though J had by 
no means then acquired sufficient knowledge of the 
great chains of mountains, I clearly saw that the ideal 
was a mere illusion. I did not deny to the expan- 
sible fluids the power of raising up the entire mass of 
our continents ; but it was already evident that these 
fluids could not have detached such a mass from the 
earth, . without producing in this mass innumerable 
fractures ; and that, after they had escaped through 
the openings, the elevated mass must have fallen 
back into the depths of the ocean. 

£09- I was even at that time sufficiently acquainted 
with the state of the strata which we now denomi- 
nate secondary ', to be aware that they had; ondergouB 
great catastrophes ; and for the same reason which I 
have just alleged,. I attributed these catastrophes 
to the subsidence of the parts now comparatively the 
lowest, and the emersion of our continents tx> the 
sinking of others, which the sea bad covered in iUs 
letreat. I then remarked, that, as both theories 
equally assumed the existence of caverns, it was 
much more conformable to the nature of things, that 
these caverns should have preceded and occasioned 

the 
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the subsidences* than that they should have beta 
formed during the process of elevation. For, in the 
first case, the masses which had sunk down coming 
to rest on the bottom of the caverns, every thing 
would remain in a state of stability ; whereas, in the 
latter, the fractured continents must have remained 
suspended over caverns, which is manifestly impos- 
sible. 

210. But since that period, the impossibility has 
been rendered more obvious by M. de Saussure's 
discoveries relative to the great chains of mountains. 
Guided by these in the course of my more recent 
observations, and directed in my physical researches 
t>y his first opinions respecting a succession of differ- 
ent chemical precipitations from the same liquid, as ' 
well as by the general progress of chemistry, I was 
at length enabled to determine the cause of the com- 
mencement of all the operations, the monuments of 
which we observe on our globe, in the manner de- 
veloped in my preliminary discourse, § 60. During 
the prosecution of my researches, having conceived 
the cause of the successive formation of caverns un- 
der the strata, I found in the same cause that of a 
succession of different precipitations ; and thus, by 
their relation to a common cause, were connected 
two great events, the succession of the strata, and 
the series of catastrophes which they underwent. 
Moreover, according to my theory of subsidence, 
these catastrophes could not affect the stability of 
of those yast ruins j while, according to the opposite 

theory, 



2S7 

keory, the result would have been a mere repeti- 
tion of elevations, soon followed by depressions. 

211. I developed my ideas on this subject, for the 
r-st time, in my letters to tyf . de la M£therie, pub- 
shed in his Journal de Physique, in 1790 and 1791. 

gave an abridgment of my system in my first let- 
Mr to Dr. Hutton, published in the Monthly Re- 
**w, 1790; and I more fully explained it in my 
otters to Prof. Blumenbach, inserted in the British 
Critic, 1793 and 1794. This Mr. Playfair might 
^ve known; but in §419 of his work, he alleges 
t*e following as the reason of his not knowing it. 
t peaking of my tenth letter to M. de la M6therie, he 
i>us expresses himself: " I must confess that I am 

* unacquainted with every thing of this letter but the 
* c title ; and could not easily be prevailed on to fol- 
u low any man who professedly goes out of nature 

* in search of knowledge ; who pretends to give the 

* history of our planetary system when there was 
" no sun, and to enumerate the events which took 
" place between the existence of that luminary, and 
4€ the existence of light. The absurdity of such an 
w undertaking admits of no apology; and the smile 
"• which it might excite, if addressed merely to the 
€€ fancy, gives place to indignation when it assumes 
** the air of philosophical investigation/' 

SI 2. I shall not here accuse Mr. Playfair of any 
thing more than an astonishing degree of inattention, 
arising from his attachment to his friend's system. 
He evidently thinks himself justified in what he says; 

for 
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fov he afterwards very correctly translates the title of 
the Letter, on which alone he grounds his reiiiark*; 
and he even gives it in a note in its original language* 
which is as follows: " Sur riiistoire.de la Terre, 
" depuis que cette planete fut pen£tr£e de lumht, 
" jusqu 'a V apparition dft Soleil : espape de temps 
qui renferme les origines de la chaleur, de la figure 
de notre globe, de scs couches primordiales, ii 
* l'ancienne mer, de nos continens comme fond de : 
ct cette mer, de leurs grandes chaines dc montagnes, 
" et de la vegetation." If Mr. Playfair's indignation, 
excited by his own misconception of my meaning in 
this title, had not withheld him from perusing the, 
letter, he would soon have been aware of the express 
distinction which I made between the appearance of 
the sun, and its existence ; since I considered it as a; 
central body in our planetary system from its origin. 
He would next have seen the particular functions, 
which I assigned to light, in the physical operations- 
of the universe, including those which were to takfr 
place in bodies formed to be phosphoric, before they* 
should become so; and he would have perceived 
that, far from " addressing myself to the fancy? I 
pursued a didactic method for such persons as might 
be disposed to give me that attention, which he had 
not been willing to bestow on the letter in question* 

*" On the History of the' Earth, from the time when that 
planet was penetrated by light, till the appearance of the 
sun; a portion of time which includes the origin of heat, and 
V of the figure of the earth ; of its primeval strata, of the an; 
" cient sea, of our continents as the bottom of that sea, of tb* 
?' great chains of mountains, and of vegetation/' 

With 
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ith regard to his remark, that I go " otit of m- 
tyre in search of knowledge," this alludes to what 
laid concerning the origin of light ; now, if he can 

icover it in nature — u dicat it erit mi hi ?nagnus 

dpollo" I trust that this explanation, by con- 
icing him into what erroneous judgments we may 
betrayed from want of attention, will induce him 
grant some to what I am at present stating. 

213. Although neither Mr. Playfair nor Dr. Hat- 
n explain their object, in supposing a large clas* 
' unstratijied substances, produced by fusion, un- 
irneath the mass of strata, their purpose evidently 
to close the openings made by the rupture of the 
rata, and more particularly to Jill up the spaces 
cessary, during the process of elevation, , to the 
gular motions of their separated masses; through 
lich passages the expansible fluid would have made 
j escape* Now towards this end, it answered no 
irpose to fill up the mineral veins, on which great 
ifsss is laid ; for the fissures wherein they were 
rraed are nothing, in comparison with the intervals 
liable of admitting angular movements. Neither 
is it of any greater avail to assimilate basalt and 
cl whinstone to lava ; for the strata of those sub- 
Hices have suffered alL the catastrophes of the 
kxers. It was, therefore, without doubt, for this. 
etson, that Dr. Mutton had recourse to granite. 
% justly considered it as lying under all the other 
ifceral substances; and he thence imagined, that, 
It wer^ a product effusion, and had been raised 
fefer all the ether strata, it must have filled up ail 
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their interstices ; and that then, becoming indurated 
in cooling, it would have cemented the whole of the 
vault. He has not explained himself on this sub- 
ject ; yet such must have been his opinion, since he 
relies on the solidity of the vault so far as not to be 
apprehensive of the openings through which the 
"fiery vapour' escapes, but even, on the contrary, 
to adduce them in proof of his system. " If the 
" theory is just," he says, " it is in the most elevated 
" places of the earth that we should find volcanos. 

But is not this the case? The free eruption of 

the expansive power should be permitted, because 
" the purpose for which it had been calculated to 
" exist has been accomplished." But, in adverting 
above, §201, to this pretended proof, I announced 
that these facts would appear to be in reality sub- 
versive of the theory; and this I shall now proceed 
to show. 

214. The substances in fusion must form and ac- 
cumulate on some basis, before they can be conveyed 
into the volcanic channels. This cannot take place 
on an inverted basis, such as the interior surface 
of the vault ; besides, lava is not granite, and it is 
with granite that this under part of the elevated strata 
is supposed to be covered. Thus the materials of 
lava can form and accumulate only on the bottom of 
the caverns; and therefore the height to which it 
must ascend, before it can preach the chimney of a 
volcano, is no less than that of the whole space left 
empty by the elevation of the strata. Now no effort 
of the imagination can suggest a " power" capable 

of* 
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of throwing up insulated columns of this melted sub- 
stance, exactly opposite to the openings of the chan- 
nels fonned in the vault, and of continuing to force 
them through these channels up to the surface. The 
whole theory of elevation, therefore, is overthrown 
by the very fact adduced in proof of it by Dr. Hut- 
ton ; and this operation being so peremptorily ex- 
cluded, the theory of subsidence only is left for the 
explanation of the very phenomenon which he bad 
assumed as a proof of his own. I had applied this 
theory, in my first geological work, to the accurate 
observations of my brother on an eruption of Vesdh 
vius, find on the island Vulcano, one of the Lipari 
Islands ; and I shall here briefly recapitulate what I 
said on the subject. 

215. During the subsidences of the strata, the 
fractured masses sunk down into the caverns by 
which the disruptions had been caused; and as the 
formation of new caverns occasioned repetitions of 
these catastrophes, the masses sunk still lower, leav- 
ing between them interstices like the cavities which 
we observe in the internal parts of our mountains, 
and under some plains, but deeper and of much 
greater extent ; as plainly appears from earthquakes* 
Lavas are certainly foreign from our strata ; this is 
acknowledged by Dr. Hutton: they are formed 
under all the strata; for volcanos now and then 
throw up fragments of granite, some of which my 
brother has met with on Vesuvius. Besides, it re-, 
quires the resistance of the whole mass of our strata, 
to bear the re-action of thq expansible fluids, when 
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they throw lavas up to the summit of Etna and the 
Andes. The lavas, then, are formed- at the bottom 
of caverns, from mineral substances, unknown to us 
in their natural state. When these substances have 
accumulated in those subterraneous galleries in a 
sufficient quantity to obstruct the lower part of such 
continuous but tortuous channels as I have found in 
some extinguished volcanos in Germany, offered them 
by the interstices of the masses of strata, the con- 
fined expansible fluids acquire the degree of density 
requisite to force pp the lavas through these chan- 
nels, which are gradually prolonged in the volcanic 
cones. If the passage becomes obstructed, by the 
remains of preceding lavas cooled and hardened 
within it, the new lava which has already entered 
this channel, is stopped in its course. This state is 
indicated by the smoke ceasing to issue from the cra- 
ter ; and also by earthquakes, which ai;e the natural 
result of the confinement of the expansible fluid ; and 
the reason of their being seldom attended by con- 
siderable catastrophes, is found in the theory of sub- 
sidence, according to which the masses of strata un- 
dergoing these tremulous motions rest on the bottom 
of the caverns ; while in the theory of elevation, such 
convulsions, occurring in a broken vault, would, 
notwithstanding the cement of granite, inevitably 
cause it to fall in. The earthquakes, thus occasioned 
by the obstruction of spme volcanic spiracle, conti- 
nue until the heat of the new lav^ has mollified 
the remains of the preceding lava. As soon as this 
happens, the expansible JluUfs raise the whole, and 
produce an eruption, which often breaks out in .some 
.. part 
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part of the sides of the cone, if the ordinary passage 
is not entirely freed. At such times the most con- 
siderable explosions of cinders, and even of large 
masses, takes place from the crater; because the 
expansible fluids penetrate the column, and rush out 
at its upper extremity ; a circumstance observed by 
my brother, whjle standing on the very brink of the 
crater of Vesuvius, during an eruption. 

216. In this comparison of the theory of mbsi- 
dence* with that of elevation, it has not been neces- 
sary to enter upon the question, whether granite is 
a product of fusion, and thus umtratijied. But, 
after having shown that this hypothesis is of no avaij 
to the Huttonian theory, I shall now consider it as 
a separate object, on account of its importance, not 
only in mineralogy, but, more particularly, in geo- 
logy. It is important to the latter science, because 
of die theory of Dr. Hutton, who denies the possi- 
bility of discerning any marks of a beginning, in the 
operations of which we see the monuments upon our 
globe ; and it is no less essential when considered in * 
reference to those, who think that geology is not 
yet, nor perhaps ever will be, sufficiently advanced 
to ascend to such a beginning in the history of the 
earth, and thence to trace down that history to 
our own time. If granite is a product of fusion, 
Dr. Hutton is authorised to think that every thing 
antecedent to its formation is a mere subject of con* 
jecture, and it is on this account that he supposes a 
succession of continents, some destroyed, and others 
elevated, without our being able to discover how this 

* 2 succession 
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succession first began. But if granite is disposed in 
strata y \£> like other strata, it is the result of chemi- 
cal precipitations, its production is then to be con- 
sidered as the Jirst effect of physical causes on our 
globe. I have shown in the preliminary discourse, 
%57, how this point alone, when properly investi- 
gated, determines the whole history of the earth; 
and the circumstance of having to establish it against 
an opposite theory may be regarded as favourable; 
since truth is ever rendered more conspicuous by. the 
objections raised against it. With this viejv, I s.hall 
return to Mr. Playfair's work. 

217. I have already had occasion to remark, that, in 
the Huttonian theory, the same circumstance is brought 
forward to prove gratiite to be a product of fusion, 
which had led some eminent mineralogists to consider 
it as the result of chemical precipitations ; namely, that 
it is composed of a number of small crystals of differ- 
ent kinds. We shall presently find that jYJ. de Saus- 
sure, who is in the fi^st rank among geologists, ad- 
duces facts in confirmation of the opinion which I 
here follow ; whereas none are presented in support 
of the hypothesis of fusion. We have seen that Dr. 
Hutton grounds himself on the phenomenon of lavas, 
the only product of fusion in the subterraneous re- 
gions, of which we have a direct knowledge; but 
were we, with him, to add to lavas basalt and 
whinstone, we should still find nothing that at all 
resembled granite. After having given in the text 
this singular proof, derived from the crystals of the 
granite, Mr. Play&ir resumes the subject in his notes, 
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p. 329. He there begins by acknowledging that 
several mineralogists hare brought forward instances 
to prove the » stratification of granite, and that he 
Jiimself has observed two similar examples; after 

which he thus proceeds : r 

• ". ■ ' ■ * • « . 

• " What exists in two instances, may exiatiu many; 
" and,* after/these observations, I should be guilty 
" of great inconsistency, in refusing to assent to the 
" accounts of PaHas, De Luc, Saussure, and many 
" other mineralogists, who so often represent granite 
? as formed into strata. In some cases/ however^ 
it is certain,, that the stratification they describe i$ 
extremely mfllike that in the two instances just 
" mentioned 1 ,****! indeed very unlike any thing that 
li \% elsewhere known by the name of stratifit&tion. 

* For example, the stratification 1 must he very, am- 
«< biguous, and very obscurely marked, that was not 
"discovered? till after a series of observations, con- 
*' 'tinued for more than twenty years by a very skilful 

* and distinguishing mineralogist Yet such un- 
** doubtedly is the stratification of Mont Elanv, and 
" of the granite mountains in its neighbourhood, as 
" it escaped the eyes of Saussure, in the repeated 
** visits "which he made to them, during a period o£ 
** no tesfc extent than has just been mentioned. It 
" was rtot till near the conclusion of thbse la- 
** bours, to which the v geologists of every age wiH 
** consider themselves as highly indebted, that, hav- . 
^ ing reached the summit of Mont Blanc, he per-* 
"^ceiyed, or thought that he perceived, the stratifi- 

" cation of the grmite mountains. The Aiguilles 
. or 
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" or Needles which border the valley of -Chamouni ; 
" and even Mont Blanc itself, appeared to be formed 
" of vast tabular masses of granite, in position nearly 
" vertical, and so exactly parallel, that he did not 
" hesitate to call them by the name of strata. Till 
" this moment, these same mountains, viewed from 
" ja lower point, had been regarded by him as com- 
M posed of great plates of roek> nearly vertical in- 
" deed, but applied, as it were, round an axis, and 
*' resembling the leaves of an artiohoke." 

.; 818; Here again we must examine what M. de 
Saussure himself says, in those Travels,* "to -which/' 
lis Mr. Playfair justly observes, " geologists of every 
*' age will consider themselves as highly indebted." 
But first geologists of the present day would do well 
carefully to study that work, which contains so many 
valuable 1 descriptions of important phenomenal for 
if Mr. Playfair had. done so, he could not have said 
of that eminent mineralogist, that it was not till he 
A - reached the summit of Mont Blanc" that he 
*' perceived, or thought that he percewed the stra- 
" tification of the granite mountains" It was, on 
the contrary, in 1779, eight years previous to his 
excursion to Mpnt Blanc, that he had thus expressed 
himself in his first volume, § 1 3S. " It will be seen 
v in the course of this work, . that, on attentively 
" observing the granite in the mountains where its 
$t primitive position has not beea deranged, .it is 
'? found to be in layers or banks, sometimes indeed 
u of greater thickness than those in the secondary 
«" mountains! but equally continuous, and disposed 

"with 
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" with nearly the same regularity." Again he saj's, 
§136; "I conceive that the several parts of gnfi 
" rate are all contemporary ; that they have beetf 
" formed in the same element, and by the sartie cafctse ; 
" and that the principle of this formation has been 
" crystallization. Elements of quartz, of schorl; 
" and of feld-spar, dissolved in the same liquid, have 
" descended, as they crystallized, to the bottom of 
" the liquid, some separate, some intermixed ; in 
€€ the same manner as we see water, saturated with 
" different salts, deposite, at the bottom of the same 
" vessel, the crystals of all these salts, more or lesS 
" regularly formed, and more or Jess interwoven with 
" each other. But I reserve detailed proofs of thia 

explanation, for that part of the work in which I 

shall treat of granite mountains." 
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219. Five years before this, M. de Saussure had 
made his second Voyage autour du Mont Blanc, the 
details of which form a part of his second volume, 
published in 1 786 : wherein, speaking of the remarks 
that he had made during his observation of the gra- 
nite mountains bordering the Glacier de Miagc> he 
says, § 893 : " I asked myself, while observing these 
4€ phenomena, whether the whole of this organisation 
u did not prove a crystallization, which had pro- 
" duced at the bottom of the sea tmrizontal strata, 
afterwards, by some great revolution, set upright 
upon their edges, and in the course of time di« 
" vided ? Eleven years of subsequent observations 
" have served only to confirm me in this opinion." 
Now it was not till a year after this, in 1787, that 

M, 
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M. de Saussure reached the summit of Mont Blanc: 
was it then at that time only that he discovered (or, 
as Mr. Playfair says, " perceived, or thought that 
" he perceived") the stratification of the granite 
fountains ? He then, indeed, became sensible of 
ft mistake into which he had fallen, respecting the 
construction of the Aiguille du Midi; but Vhat ex- 
cites my greatest surprise is that Mr. Playfair, being 
acquainted with the part of M. de Saussure's work 
in which he corrects that mistake, should not have 
found there proofs of the stratification . of granite, 
the most unanswerable, and, I may say, the most 
characteristic of truth. It is one of the most was* 
terly specimens of observation and philosophical 
#scus.sioi} to be met with in any geological work ; 
and I doubt not that I shall gratify all those who do 
not possess this valuable collection of travels, by 
transcribing the whole of the passage in question. 
It occur3 in the 4th volume, and begins at § 1996, 

• 

" Notwithstanding the irregularities observable in 
" the form and general distribution of the great 
*' masses, I perceived indubitable and important 
*' analogies in the structure of the several parts. 
*' Every tiring that I could distinctly see appeared 
"to me composed of vertical plates; and by far 
" the greatest number of. these plates held a direo 
* tion from N. E. to S. W. I felt a peculiar plea* 
" sure in observing this structure in the Aiguille du 
?' Midi. I related, in chap. XVIII. yol. II. with 
" how much difficulty and danger I had dragged 
" myself to the fbpt of this ebetisk, in order to study 

"its 
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* € its form ; and with what regret I had beheld the 
" inaccessible walls ot granite surrounding its base, 
€t which opposed themselves to my eager curiosity. 
" But here I viewed it beneath my feet, and could 
" minutely inspect it in all its parts. On the second 
" day of my journey, upon reaching the edge of the 
" bank of snow where I had passed the night, I saw 
to the N.E., at a small distance below me, an 
object that exhibited the appearance of dismantled 
" battlements. I asked Pierre Balmat what this 
" might be; and when he told me that it was the 
" Aiguille du Midi, which I soon ascertained to be 
" the case, I expe%nced a sensation of delight. thaf; 
" I cannot easily express. I did not lose sight of it 
" as I continued to ascend; and I was soon con- 
vinced that, like the Aiguilles de Blaitibres, it was 
entirely composed of vast plates of granite, per- 
41 pendicular to the horizon, and holding a direction 
" from N. E. to S. W. Three of these plates, se- 
" parated from one another, form its summit, and 
" others similar to them, decreasing gradually in 
" height, compose its declivity to the south, on the 
" side towards Cmmont" 

220. The distinction here made by M. de Saussure, 
between the position of the great masses, and the 
structure of tlie parts, strongly marks the nature of% 
the catastrophes suffered by our strata, which were 
originally horizontal and continuous. The fractured 
masses, having undergone angular movements, formed 
those immense obelisks called Les Aiguilles, of which 
Mont Blanc itself, towering in proud pre-eminence 

above 
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above the rest, is one. An unequal subsidence of 
these masses on opposite sides, an effect ascribed by 
M. de Sanssure to what he terms a refoulcment*, 
which may, to a certain degree, have taken place, 
firoduced these angular movements, by means of 
M'bich the directions and inclinations of the* strata 
may have varied in the great masses. But their 
structure, that is, their formation in parallel strata, 
fnust have been similar in all. This, circumstance 
is of importance, as M. de Saussure well ob- 
serves; since it indicates, both that granite was 
Originally formed in strata, and that the fractured 
fmrts of its mass have unctergondpngular movements. 
Now the following is the passage therein he acknow- 
ledges that he bad failed inter *n terror. • . 



W • ". • . . . '. f , . 



" I am therefore led' ttf believe that I was mistaken, 
u when, on viewing it from a tower ptiint upward, 1 
"judged it to bfe composed of foliated rock, applied 
1 € round an axis, like the leaves of an artichoke ; at 
" least, if there are any plates disposed in this order, 
" they can be only the lowest, (which, without doubt, 
" have been displaced ;) for, on looking down into 
" the interior part, I observed that all the plates 
" were perfectly parallel to each other, I have given 
" a detailed description of this summit,, as affording 
?" an illustration of the rest : all those which I could 
"distinctly see exhibited nearly the same form and 
" the same direction ; and if there were any excep- 



• See Mr. De Luc's sense of this term, § 221. 
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tions, they were local and inconsiderable. This 
striking phenomenon is accounted for, as I hope 
to show in my llteory, by the lateral pressure, 
(refoulement,) which placed upright on their edges 
.'those strata that were originally horizontal" 



1 221. Unfortunately, M. de Saussure not having 
published this Theory, which he promised in every 
successive volume, we do not know what he meant * 
by refoulernent. We may suppose^ however, that, 
during the catastrophes suffered by the strata, of 
*rhich he was the first to discover and establish the 
proofs, large fractured masses, not subsiding in a 
parallel direction, nor with the same' degree of ^velo- 
city, reciprocally compelled each other to turn, whfeft 
is an evident consequence of some lateral pressure. 
Now we must here recollect, that, in his impdtiknt 
remark made on the summit of Cramont, as early 
ftt in the year, 17*74,. he proved that those phenome? 
na of granite were common to it and to .the seeofc 
frrty strain, proceeding in both iiim 'the .same cause. 
Among other observations on this subject,' he intro- 
duces the following, in the chapter wherein he speaks 
•f Cramont^ §919. " The many proofs which> at 
" the time when I made that remade/ 1 had before 
** my eyes, and others analogous .to those, which my 
memory readily suggested, induced me to presume 
its universality ; and I immediately connected it 
" with the observations which I bad just made on 
u the structure of Mont Blanc, and of the primitive 
" chain of which it forms a part. I saw this chain 
u composed of plates, which might be considered as 

" strata; 
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? strata; — I observed these strata, vertical in the 
centre of the chain, and the secondary strata, 
" yearly vertical: ia the line of their junction with 
" them, i but becoming, less so at a greater distance, 
" and gradually approaching a horizontal position, 
u in proportion as they receded from their point of 
" support I also saw the gradations, which I had 
" already observed in the materials of the primitive 
f f araLthe secoadgry strata, extending likewise to the 
"form and position of the strata themselves; as all 
% the summit* of* tbe secondary, which I viewed be* 
" qeath me, terminated in sharp pymmidal plates^ 
'? like Mont Blanc, and themouftfaios that compose? 
" its.- chain.'' When facts 1 so 'important, so precise, 
wd so evident, -are brought forward, how can an 
origin be ascribed to granite different from that of 
all the other strata which follow k in those mount 
tpins? The inference, tiaereibre; drawn by M, de 
SawtswQ, has indeed a strong gl&fcifiTiipaii --the 1 fettea* 
tion of "geologtits of ewry.age.". . 5* I conclitde,?: 
he say^:^irom i*U> these manifest relations; tM> 
" since the secondary strata were fonbed at the bofc 
" torn of the sea, it?fqllows that the- primitive must 
H hafa had a similar origin" I shaB now retard t» 
the remarks of ( this, able naturalist, as contained in 
that very passage,? $ 1997* from which Mr* Ptay&ir 
inferred only fchfct- he. " perceived, or thought that 
" he perceived, *ther stratification of the .granite 
" mountains ;" whiles on the contrary, he there brings 
in proof of it a striking and demonstrative argu- 
ment . : 

• "But 
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4i But another questioa," he says, " which I ar- 
" dently wished to resolve, was whether these vast 
" plates preserved the same nature from their bases, 
with which I had been long acquainted, up to their 
summits* which I had not as yet closely inspected. 
I was completely satisfied ; I found the summits of 
4t these peaks, as well those which we were able aC- 
" tually to reach, and of which a description is given 
" in the preceding chapter, as those sufficiently near 
to afford us an opportunity of distinctly ascertain- 
ing the substances of which they were composed, 
" to be unquestionably, like their bases, formed of 
" granite, granitelle, veined granite, and other stones 
" of the same class. 

" This fact is so important to theory, that, a!- 
*' though I had observed it on less elevated moun- 
" tains, and had supposed the case to be most pro- 
" bably the same with others, I felt extreme &at&* 
" faction in generalizing it by a direct observation. 
" In truth we thereby ascertain a very remarkable 
u property of mountains composed of vertical strata; 
" viz. that their nature is the same, from their base 
" to their summit. (Note. — It is essential to ob- 
" serve, that this identity can be understood only of 
" a section, vertical, or parallel to the strata; or, 
" which comes to the same thing, of one particular 
" stratum, the lowest part of which is compared 
" with the most elevated. For, if we viewed this 
section of a mountain intersecting the strata at 
right angles, or even obliquely to their direction, 
" then, in ascending, we should meet with different 

" strata, 
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" strata, and it might happen that we should find 
4< rocks above of a different class from those below.) — 
" In those mountains, on the contrary, in which the 
" strata are horizontal or nearly so, we find them 
" vary, in the same vertical section of the mountain, 
" as we ascend. The Buet rests on a base which is 
"primitive, while its summit is secondary. The 
" mountain of Forca del Bosco has its base of hard 
" granite, veined, and coarse grained, and, as we 
" ascend, we see the granite degenerate into foliated 
11 rocks of a very different kind. We shall find that 
" the same observation will apply to Mont Rose and 
" Mont Cervin. 

" This difference results from the different actions 
" of the cause which has given to these various clas- 
" ses of mountains their present form and position. 
" In those which are composed of vertical plates, 
" each plate is one and the same stratum, in the strict 
" sense of the word, and not the product of any ac- 
" cidentdl Jissure, as some naturalists have imagined. 
" These strata were originally horizontal, and it is 
" in consequence only of a revolution on the globe 
" that they are now placed on their edges. It is 
" natural, then, that each of them, throughout its 
" whole height, should preserve the identical cha- 
" racter which it had at its formation. Those moun- 
4< tains, on the contrary, which are composed of k<h 
" rizontal divisions, acquired their height by the 
u simple accumulation of different strata, consisting 
u of crystallizations and deposites, the nature of 
" which varied, according to the materials contained 
14 in. the waters where they were formed." 

222. I 
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822. I had already adopted M. de Saussure's 
opinion respecting the nature of granite from the 
passages above quoted, from his first volume, before 
this masterly demonstration of it had appeared. I 
had been one of those who, as he says, had mistaken 
for jissures the very numerous vertical ////^observed 
In jthe abrupt lines of schistose as well as of gramtic 
mountains ; and this error had effectually prevented 
me from understanding the mountains of that class ; 
us I acknowledged in my first geological work. But 
on the publication of M. de Saussure's second vo- 
lume, containing not only the chapter on the Cra- 
mont, whence I have extracted the passage above 
cited, but likewise a very clear general definition of 
the peculiar characters by which it might be ascer- 
tained, whether these lines were divisions between 
distinct strata, or between parts of one and the same 
mass in which fissures had been made, I did not 
hesitate to admit his opinion, that all our mineral 
$trata, beginning with granite^ had been produced 
by chemical precipitations from a liquid which had 
originally encompassed our globe. And nothing, I 
should conceive, but Mr. Playfair's prepossession in 
iavour of his friend's system, can have made him 
.find in M. de Saussure's work, that twenty years had 
elapsed before he discovered the stratification of 
granite, on his visiting Mont Blanc. This prejudice, 
however, has influenced Mr. Playfair's judgment, on 
another very important subject, to which I am now 
coining, and in which ho -sets out from the opinion 
that the granite of that mountain is not stratified: 
an idea ?o evidently at variance witlj facts, that those 

notions 
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notions of his, which I shall here examine, respect* 
ing the formation of chains of mountains, might 
hence alone be overthrown ; but the subject is too 
important in itself to be considered in that single 
point of view. 

223. In my first Letter to Dr. Hutton, where I 
controverted his opinion that granite was a product 
of fusion, I adduced against it, among other objec- 
tions, the following, § 30 : " If a substance in fu- 
" sion had burst through our strata, would it only 
" have filled up their fissures ? Would it not have 
" diffused itself in torrents on the surface, like the 
" lavas ?" Mr. Playfair, who mentions none of my 
objections, has doubtless not attended to this; bat 
it was made also by atiother mineralogist, whom be 
probably deemed it necessary to answer ; and that 
answer will furnish me with a^ subject of farther re- 
marks. It begins, p. 340. 

" An argument, directed at once against the igne- 
" ous origin and unstratijkd nature of all granite, 
11 is given in a work already mentioned. (Mineral* 
" °gy of the Scottish Isles, vol. II. p. 166.) If gra- 
nite had flowed from below, how does it happen, 
that, after it had burst through the strata of mi- 
caceous schistus, &c. it did not overflow the neigh- 
bouring country? If this hypothesis were true, 
*' Mont Blanc could never have existed/' " A the- 
* ory is never more unfairly dealt with, than when 
" those parts are separated which were meant to sup* 
" port one another, and each left to stand or M by 
9 " itself. 
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u ifteff. This, howfevcfrj U pr&isdy What ii dbttfe 
€ * in the present instance ; for Dr. Huttcta's theory 
*' d£ grahiie would not deserve a moment's conside- 
%i ration, if it were so inartificially Constructed, as to 
" feiippbse that granite was originally fluid, and yet 
" tD point out no means of hindering this fluid from 
u diffusing itself over the strata, and settling in a 
*' horizontal plane. The truth is, that his theory, 
n at the stoie time that it conceives this stone to have 
" been in fusion, supposes it to hdve bfeeh, in that 
" state, injected among the strata already consoli- 
€< dated ; to have heaved than up, and to have been 
" formed in the concavity so produced, as in a mould. 
" Thufe Mont Blanc, Supposing that it is unstrati- 
"Jled, is understood to consist of a mass that was 
44 ntelted by subterraneous heta ukder the strata, 
u axid being impelled upwards by d forcfe/ that may 

* Stand in some comparison with that which pro- 
" jected the planets in their orbits, heaved up the 
€t strata by which it was covered, and in which it 
" remained included on all sides. 

u The covering of strata, thus raised up, may 
* f have been burst asunder at the summit, tvhere th6 
€l ctirviture and felevation were the greatest ; but the 
€€ melted mass underneath may have already acquired 
u soKiityj or may have been sustained by the bed* 
4< bf sbkistus incumbent oh its sides. This sehistus, 

* fdtriihig the exterior crust, was immediately dieted 
tt oil By the causes of vvaste and decomposition, 
c Which hive long since stripped the granite of a 
** great part of its covering, and are noifr exercising 

S their 
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1 their power on the central mass. That even Mont 
' Blanc itself, as well as other unstratified moon- 
1 tains, was once covered with schistus, will appear 
' to have in it nothing incongruous, when we con- 
* sider the. height to which the schistus still rises on 
' its sides, or in the adjacent mountains ; and when 
' we reflect, that, from the appearsgices of waste and 
' degradation which these mountains exhibit, it is 
c certain that the schistus must have reached, much 
' higher than it does at present. 



" It is obvious, therefore, that when the; corre- 
" sponding parts are brought together, and placed 
" in their natural order; no room is left for the re- 
" proach, that this system is inconsistent, with the 
" existence of granite mountain. I have no plea- 
" sure in controversial writing ; and, notwithstanding 
" the advantages which a weak attack always gives 
"'to a defender, I cannot but regret, that Dr. Hut- 
" ton's adversaries have been so much more eager to 
" refute than to understand his theory." 



224. Mr. Playfair takes no notice, in this pas- 
sage, of the objections brought against the theory of 
elevation; he thinks only of preventing the extrava- 
sation of the granite, and for that purpose he enve- 
lopes it in the schistus. I shall soon return . to this 
subject; but I must first observe that, while he ac- 
cuses those who do not acquiesce in Dr. Hutton's 
theory of being " much more eager to refute than 
" to understand it" it is himself, on the contrary, 
who here deserts that theory, and even exposes it to 

ridicule. 



ridiculfe. this hypothesis of Df. Huttoh respe'ctltig 
granite, which alone here engages his attention, forms 
only an appendage to that of elevation ; the " melted 
u granite' itself requiring to be heaved up under 
the strata* The objection which I lottg ago ad- 
duced against the theory of elevation, was, that the! 
only manner in which the action of heat could be 
temployed iot this purpose, was by the production of 
some expansible fluid; and that, when this fluid had 
escaped through the fractures of the mass of our 
continents, that mass would have fallen back again J 
a circumstance which granite in a state ofjiision, 
flowing all around down the sides of the vault, could 
not have prevented. Mr. Playfair eluded this ob- 
jection, by not explaining himself with regard to the 
mode iti which heat was supposed to exercise its 
u expansive ptoveri" I have therefor^ fevetted t6 
Dr. Hutton's own exposition of his theoty, and there 
we have seen him ascribe that effect to the expansible 
fluid, which he calls " fiery vapour." This formed 
the main objection urged in my first Letter ; to whifch 
I added only as accessory that relating to the extra- 
vasation of the supposed melted granite* Mi*. Play- 
fair, doubtless, well understood the force of the 
former objection ; since, although, on account of the 
latter, he Was obliged to point out hpvwer that should 
have been capable of moulding the granite in thfe 
schistus, while it heaved them up together*, he dill 
•not venture to adduce the " Jiery vapour" of Dr. 
Hutton. But what force has he employed? "A 
* force" he says, " that may stand in some compa- 
" rison with that which projected the planets in their 

s2 " orbits/' 
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" orbits." Can this be called an illustration of Dr. 
Hutton's theory ? 

225. This, I apprehend, will suffice as to the re- 
proach, that the opponents of Dr. Hutton's theory 
" have been more eager to refute than to understand 
" it ;" but it is of importance to examine Mr. Play- 
fair's mode of vindicating that theory against the 
second of my objections, in the foregoing passage, 
where it is developed. He supposes that the region 
of the Alps was occupied, at the birth of our conti- 
nents, by one continuous mass, more elevated than 
Mont Blanc is at present ; and it must have been the 
same with all other mountainous tracts ; since this 
theory, in which the angular movements of the great 
masses are . admitted, supposes also, in common 
with the systems of less advanced geologists, that 
the rallies by which these tracts are divided into 
chains, have been excavated by ?imning waters. 
Here then we are brought back to this great geolo- 
gical object; for, in the theory which we are dis- 
cussing, every means must have been employed to 
support the hypothesis of the hollowing out of val- 
lies, because they are required to furnish materials 
for future continents: and we are brought again to 
this point more particularly in reference to one of 
equal importance, which I'have for some time kept 
»back, on account of the many others that were to 
be connected-with it ; I mean the blocks of granite, 
and of other kinds of stone, which are found disse- 
minated oven the surface of our continents. 

226. Little 
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226. Little attention has hitherto been paid to this 
important phenomenon, on account of the vague idea, 
that, in the course of numberless ages, these blocks, 
propelled by running waters, may have travelled over 
our continents. I have never refused time for the ., 
production of any effects to which a cause has been 
assigned, examining only whether the cause adduced 
were adequate. Now, I have long opposed to the 
action of running waters in the case here in view, 
the interposition of vast chains of mountains, between 
many tracks over which these blocks lie scattered 
and every eminence composed of the same kind of • 
stone. Dr. Hutton and Mr. Playfair are the only 
geologists who .have noticed this objection ; and they 
have attempted to obviate it, by supposing the mi- 
gration of these blocks to have preceded the hollow- 
ing out of the vallies by running waters. A full 
discussion of this only resource of the hypothesis of 
such a migration will be very useful to those who 
tak« interest in geological subjects, by evincing the 
importance of a phenomenon so common as that of 
the scattered blocks, in an inquiry into the causes 
which acted on our globe, before the birth of our 
continents. In order to introduce the subject here, 
I shall revert to a passage of Mr. Playfair, which I 
cited before, § 1 13, and which is in § 1 12 of bis ow n 
work, 

" The operation of rains and torrents," he says, 
<r modified by the hardness and tenacity of the rock, 
" has worked the whole into its present form; has 
u hollowed out the vallies, and gradually detached 

the 
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the mountains from the general mass, cutting down 
their sides into steep precipices at one place, and 
" smoothing them into gentle declivities at another, 
" From this has resulted a transportation of materia 
" aky which, both for the quantity of the whole, 
" and the magnitude of the individual fragments, 
" must seem incredible to every one, who has not 
" learned to calculate the effects of continued action, 
" and to reflect, that length of time can convert ac- 
" cidental into steady causes. Hence fragments of 
€i rocky from the cetitral chain, are found to have 
" travelled into distant vallies, even where many 
" inferior ridges intervene : hence the granite of 
a Mont Blanc is seen in the plains of Lombardy, or 
" on the sides of Jura; and the ruins of the Carpa* 
" thian mountains lie scattered over the shores qf the 
" Baltic" 

QQ7. Mr. Playfair subjoins to this passage his 
note XVIII, in which he illustrates the text by the 
following explanation, p. 384, 

" The loose stones found on the sides of hills, and 
" the bottoms of vallies, when traced back to their 
" original place, point out with demonstrative evi- 
'* dence the great changes which have happened since 
" the commencement of their journey ; and in par- 
" ticular serve to show, that many vallies which now 
u deeply intersect the surface, had not begun to be 
" cut out when these stones were first detached froiii 
" their native rocks. We know, for instance, that 
" stones under the influence of such forces as we 

"are 
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4< are now considering, cannot have first descended 
** frorrf one ridge, and then ascended on the side of 
" an opposite ridge. But the granite of Mont Blanc 
" has been found, as mentioned above, on the sides 
** of Jura, and even on the side of it farthest from 
" the Alps. Now, in the present state of the earth's 
" surface, between the central change of the Alps, 
" from which these pieces of granite must h<we 
" come, and the ridge of Mont Jura, besides many 
" smaller rallies, there is the great valley of the 
" Rhone, from the bottom of which, to the place 
where they now lie, is a height 'of not less than 
3000 feet. Stones could not, by any force that 
we know of, be made to ascend over this height. 
We must therefore suppose, that when they tra- 
velled from Mont Blanc to Jura, this deep valley 
u did not exist, but that such a uniform declivity, 
as water can run on with rapidity, extended from 
the one summit to the other. This supposition 
accords well with what has been already said con- 
cerning the recent formation of the Leman Lake % 
" and of the present valley of the Rhone. 

228. There are, I believe, few instances of gra- 
tuitous hypotheses more evident than this. Mr. 
Playfair does not mention that I had opposed the 
intervention of vallies and chains of mountains to 
such a transportation of stones ; and that I had even 
assigned a cause why they were found scattered, not 
only on the sides of Jura, and in the plains of Lom- 
bardy, but likewise over immense tracts far remote 
from any mountain whatever. Yet, as if the pre- 
ceding 
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ceding objection had originated with himself, ^nd he 
was therefore under no necessity of answering*it ; as 
if he had refuted my system concerning the o^i^of 
these blocks, and established his own to the exclu- 
sion of all others ; or at least as if, having compared 
the granite of the blocks on Jura with that of Mont 
Blanc, he had shown by evident characters tha^ they 
could not have proceeded from any other mountain ; 
be decides that " we must quppose" them to have 
migrated from thence- I §h^ll not, however, con- 
fine myself to the above remark, nor to the observa- 
tion that one reason of hi* trusting to this gratuitous 
hypothesis is that it " accords well" with the other, 
" concerning the recent formation of the Leoian 
" Lake :" neither shall I content myself with assert- 
ing that I have seen what Mr. Playfair h%s not, the 
blocks on Jura, and, the granite of Mont Blanc, *$& 
that the former might with as much reaspn be re- 
ferred to the Giant's mount aim in Silesia.; I p^opope 
to trace back his mi$U\kes to their origin, by follow- 
ing him through the whole of his exposition of this 
singular hypothesis, wherein will. again be manifested 
the error of the supposed excavation of vallies, by 
running waters ; on which every thing rests, aft well 
in Dr. Hutton's^ system, as, in several others equity 
ungrounded. 

" V{e c^n derive," he proceeds, " i$ % voQtt&fi of 
" this sort, but, little aid fronj cal£ulatjx?$ ;. yet w;a 
" may discover, by i^ whether, qur hypptbe^fe tn^jh 
" gresses materially againjst th& lay^s of probability^ 
" apd.is i^ogsist^ wi^pbjy^c^priftc^^^ 
' ' \ " established 
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" established. The horizontal distance from Mont 
" Jura to the granite mountains, at the head of the 
" Arve, may be accounted fifty geographic miles. 
" Though we suppose Afont Blanc, and the rest of 
" those mountains, to have been originally much 
" Higher than they are at present, the ridge of Jtira 
" must have been so likewise ; and thoi^gh probably 
not by an equal quantity, yet it is the fairest way 
tp suppose the difference of their height to have 
" been nearly t^e same in forme? ages thai it is at 
" present, a^d it may therefore be taken at 10,000 
" fjpet. The declivity off a plane from the top of 
4C Mont Jura to the top of Mont Blanc, would 
" therefore be ^bout one mile and three quarters in 
" fifty, or one foot in thirty ; an inclination much 
greater than i^ necessary for water to run, pji* evefl, 
with extreme rapidity, and Djiore th^n sufficient to 
u enable Q, river or a torrent tp cai*ry with, it stones 
or fragments of rock, almost to apy ; distance. 
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. " S^UjSsure, in rela^ipg the fact th&t pieces pf gra- 
" nite are found among the high passes neaf th& 
€€ summits of Mont Jura, alleges, that they are 
" only found in spots from which the central chain 
" of the Alps may be seen. But it should seem thatt 
'< this coincidence is, accidental, because, from what- 
ever pause tfye tran^portatipn o{ thgse blocks has 
proceeded, tl>e fo^m pf the mountain especially- 
" of; &font Jura, ipust be too mupk changed to ad- 
" iftitjqf t^e wppojs^iojn, tha,t the plftcqs pf i* frpnv 
" n&vph i|/<^ -fi^W ift no* vfaiklQ* vo the sa»ie 

" stones 
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€t stones were transported hither. It may be, how- 
" ever, that the passes which now exist in Mont Jura 
" are the remains of vallies, or beds of torrents, 
" which once flowed westward from the Alps ; and 
" it is natural, that the fragments from the latter 
" mountains should be found in the neighbourhood 
" of those ancient boater-trucks" 

229- It would lead us too far to show, by an ac- 
tual description of the spots themselves, that, if Mr. 
Playfair had been acquainted with them, he assu- 
redly would not have hazarded such conjectures. He 
takes the same liberty with the passage of the waters 
and Mocks of granite from the Alps, as a poet might 
allow himself in tracing that of Hannibal over their 
chain; and he does not reflect, that the millions of 
years required for such changes, would bury the 
origin of the human race in the night of time, and 
rank the final end of individuals among the dreams 
of imagination. But 1 hope to restrain this flight of 
his fancy in its first career, by returning with him to 
his original eminence. 

u Mont Blanc" he had observed, in the passage 
quoted in § 223, " supposing that it is unst 'ratified, 
* l is understood, to consist of a mass that was melted 
tf by subterraneous heat under the strata... already 
" consolidated" which it has li heaved up; and has 
u been formed in the concavity so produced, as in a 

tf mould The covering of strata, thus raised up, 

" may have Ifeen burst asunder at the summit, where 
* (the curvature and elevation were the greatest ; but 

« the 
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€ * the melted mass underneath may have already ac- 
€i quired solidity, or may have been sustained by the 
* l beds of schist us incumbent on its sides. This 
" schistusy forming the exterior crusty was imme- 
" diately acted on by the causes of waste and decom- 
position, which have long since stripped the gra- 
nite of a great part of its covering, and are now 

exercising their power on the central mass From 

the appearances of waste and degradation which 
these mountains exhibit, it is certain, that the 
€f schistus must have reached much higlher than it 
4t does at present." 

250. Thus, at the birth of our continents, the 
whole tract of country comprised between the chains 
of the Alps and of Jura, though the chains them- 
selves, and the hills which separate these two differ- 
ent classes of mountains, are composed of strata of a 
great variety of genera and species, and though 
their masses have undergone such angular move- 
ments, as must have required considerable vacant 
spaces, was nevertheless occupied only by a single 
mass, of which the declivities were sufficiently regu- 
lar to enable the torrents to bring down with them 
blocks of granite, from the highest point of the con- 
vexity to its boundaries ; which were, on one side, 
the Jura of the present time, with the hills of 
Tranche Qomte and Burgundy, and, on the other, 
those qf Lonibardy, Such is the strange hypothesis 
of Mr. Playfair { an hypothesis, which must how- 
ever have been also adopted, though silently, by all 
fbQ$e who have maintained, and still continue to 

maintain ; 
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maintain, the excavation of vallies by running wa- 
fers ; not considering the millions of years, during 
which, upon such a supposition, our continents must 
already have existed But time cannot operate 
without the means of action; whence arise these 
questions : In such a situation of things, where must 
the blocks of granite have been, which were to be 
propelled? And next, where were the torrents that 
should have propelled them ? These are questions, 
which had not occurred to such geologists; and 
which, being examined, will prove subversive of the 
whole theory. 

231. The granite was " covered by schistus;' 
and Mr. Playfair does not venture to strip it of its 
" covering" to any considerable degree, lest it should 
b^vefowed out at the surface ; for he dares not trust 
to the circumstance that it " may have already ac- 
" quired solidity;' because a mass of such an enor- 
mous size could not, at the time of its being " heaved 
44 up under the strata," and moulded in the " con- 
" cavity 9 " have been in a state different from lava* 
the mass of which is almost nothing, in comparison 
with that before us. Mr. Playfair, therefore, con- 
tents himself with observing that " the covering of 
" strata" (the schistus) "thus raised up, may have 
" been burst asunder at the summit, where the cu** 
€k vature and elevation were the greatest." Hfere^ 
then, the granite will make its appearance; but 
what cause can he point out capable of fracturing 
it subsequently into blocks? Facts would have here 
instructed him, if he had' been acquainted with these 

mountains; 
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mountains ; and the place of facts might have been 
supplied by reflection/ Blocks neither are rtor can 
can be formed, excepting on those sides of the 
mountains which are already abrupt and Jissured ': 
there the water percolating through the crevices and 
interstices, and freezing during the winter, produces 
the effect of gunpowder ; separating from the mass 
of the strata such .parts as are fractured; and have 
no support without Such is the process of degra- 
dation, where those abrupt sides have resulted from 
the catastrophes, by which the whole mass of solid 
strata was convulsed and shattered ; as may be seen 
in all the sides of the mountains which are actually 
crumbling down, and even in quarries, where the 
size of the pieces obtained is limited, not so much by 
weight, &s by the fissures of the strata. Now to 
show in what manner blocks are detached from 
mountains in their present state, is to prove that 
none could possibly have been separated from that 
, mass of granite which Mr. Playfair supposes to have 
made its appearance, " where the curvature and 
" elevation were the greatest ;" that is, toward the 
middle of the mass, the convexity of which could 
not be considerable, since he estimates the declivity 
on either side at only one foot in thirty. 

232. No block of granite, therefore, could have 
beeft formed on that almost horizontal summit; but 
granting that there might be some, still where were 
the torrents to put them in motion? At such an 
clevatien in the atmosphere, an elevation supposed 
by Mr. Playfair to have even been originally much 

greater^ 
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greater, this convex mass \vould have becomes* 
crusted with ice of considerable thickness, beneath 
which nothing could have been put in motion : but 
besides, it is sufficiently evident that no tortents can 
ever exist on the highest parts of grounds. There 
remains, then, no assignable source of granite blocks* 
and Mr* Playfairs imagination is effectually checked 
in its first flight. It is therefore of no importance to 
consider the present or anterior connexion between 
the Alps and Jura; not a single fragment could (either 1 
have been broken off or removed from this mass of 
granite, which had appeared at the highest point of 
the convexity, at the time when its declivity is sup 
posed to have been uniform. Let us however kdmit 
the effects of detritus and waste, notwithstanding the 
certainty that the incrustation of ice would have pre- 
vented them. The " schistus," as Mr. Play fair justly 
observes, must have been acted on in the first place* 
as " covering" the granite ; and the causes of decom* 
position must have exercised their power so much 
the more rapidly on the former, as it was inferior irt 
hardness to the latter. The granitS, indeed, would 
afterwards have been exposed to the action of the 
same causes ; but not until a valley had already been 
produced at its foot, between itself and the schist us; 
and there, supposing it possible that blocks could 
have been formed before the granite had acquired 
abrupt and fractured sides, the migration of those 
fragments would have terminated- 

233. This Mr. Playfair might have ktiown, had 
he followed with strict attention the consequences of 

his 
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his hypothesis. Above all, he would have seen how 
much at variance with it are his own remarks in 
§ 348* " For the movjng of large masses of rock" he 
says, " the most powerful engines without doubt 
u which nature .employs are the glacie?*s y those lakes 
" or rivers of ice which are formed in the highest 
vallies of the Alps, and other fcpountaiqs of the 
first order. These great masses are in perpetual 
motion, undermined, fry the influx of heat from the 
earth, and impelled down the declivities on which 
" they rest by their enormous, weight, together witli 
" that of the innumerable fragments of rock with 
" which they are loaded. These fragments they gra- 
" dually transport to their utmost boundaries, where 
" a formidable wall ascertains the magnitude, and 
rc attests the force,- of the great engine by which it 
" was erected. The immense quantity and size of 
" the roch thus transported, have been remarked 
" with astonishment by every observer, (Voyages 
" mix Alpes, torn. II. § 854,) and explain sufficiently 
how fragments of rock may be put in motion, even 
where there is but little declivity, and where the 
actual surface of the ground is considerably uneven. 
" In this manner, before the vallies were cut out in 
" the form they now are, and when the mountains 
" were still more elevated, huge fragments of rock 
u may have been carried to a great distance." 






234. Mr. Playfair could not have retained such 
opinions, if he had read without prepossession the 
descriptions of M. de Saussure, to which he refers 
both here, and with respect to another object which 

will 



will follow. \Vhy irffe the glaciers loftdfeti with 
" fragments of rock ?" Because they exist in tal- 
lies the sides of which are continually mouldering 
dawn. Now how could a similar degradation have 
taken place in regard to that small quantity of gra- 
nite, which, according to the theory, had penetrated 
the " schistus" at the summit only of the Vast cupo- 
la? Mr. Play fair contents himself with referring to 
those parts of M. de Saussure's travels, frdm which 
he draws his conclusions ; but it is highly important 
to read the descriptions themselves ; I shall therefore 
introduce them ; but that referred to in thfe above 
passage will be preceded by some others, to which 
we shall also be led by Mr. Playfair.; 

235. Perceiving, without doubt, that an imme- 
diate transportation of "fragments" such as he had 
just supposed, from the summit of the Alpd to Jura, 
antecedently to the formation of vallies, could not 
apply to all the phenomena of blocks, he undertakes, 
§ 353, to explain in what marine*, after they are 
once detached from the mountains, they may conti- 
nue to advance, without being urged by impulsion of 
any kind. He suggests, as a first catisfc of their 
migration, thfe waste bf the toil uhdfer them, & waste 
more considerable on the sitfe whfere there is any de- 
clivity; jointed to the circunlstaiice of the stone itself 
being rounded by exposure to the weather. Now it 
certainly might happen that softie stories should thus 
mdke their way over an inclined surface ; but wheh 
I shall cortie to describe their Various situations, it 
will easily bfe sfeeh that this account of their might- 

tion 
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Hon cannot be applied to the vast accumulations of 
blocks, found on level grounds, very remote from 
any mountain. 

236. Mr. Playfair next proceeds to suggest the 
idea of another accidental motion which detached 
masses may acquire, adducing, as an instance, what 
are called rocking stones, or in Cornwall, Logan 
stones. They are, in general, blocks of granite; 
and are sometimes found lying on hard calcareous 
strata, as upon Jura, but much more frequently on 
granite. This phenomenon occurs under various 
circumstances. In some places, the horizontal strata 
of granite (for, whatever Mr. Playfair's opinion may 
be, granite is stratified) have been considerably fis* 
sured, in a vertical direction, and have suffered 
partial subsidences, in the intervals of which remain 
. a kind of pillars, horizontally divided, according to 
the strata of which they are composed, into rhom* 
boi^s or parallelopipeds. When the granite has not 
been liable to be decomposed by atmospherical 
causes, these pillars have been preserved without 
much alteration ; some instances of which I have 
seen on the ridges of Ifartz. But when the granite 
has been subject to decomposition, all the angles 
have been worn away, and the causes of detritus and 
waste have exercised their effect so far in the sepa- 
rations of the strata, as to reduce the rhomboids 
into spheroids. I have seen a number of pillars in 
the latter state on the Giant's mountains, in Silesia, 
separately, in some places ; while in others, several 

T of 



,274 

o,f them are disposed in a strait line, and, from a 
distance, present ' the appearance of so many high 
piles of gourds. 

£37. This phenomenon assumes a variety of as- 
pects ; thus, for instance, I have seen a number of 
jthese groupes, not rising above the surface more 
than the height of two or three strata, the masses of 
whicH, of considerable magnitude, are likewise re- 
duced to spheroids, resting one on another, though 

. ^hcy touch but in a small point, comparatively with 
their size. Now this is the case with the rocking 

"ftohes: the surfaces in contact are of such small ex* 
tent, and the uppermost mass is so nearly in an 
Equilibrium, that, notwithstanding its magnitude, 
ttie strength of a single man applied to one of i« 
ffdes is sufficient to change its centre of gravity; and 
though at first in a degree scarcely perceptible, yet 
the repetition of such impulses, at each return of 
the stone, produces at length a sensible oscillation, 
which afterwards, for a while, continues of itself. 

238. Such is the phenomenon of which Mr. Play- 
fair, speaks; and after having remarked that these 
-stoned would fall from their pedestal, if" u a part 
u ffiom one side" Were u cut offi ? 9i Ke supposes that 
their equilibrium may in time be destroyed by an 
unequal decomposition of the parts of their circum- 
ference, whicn would occasion a progressive move- 
ment of the mass. He next proceeds to speak pf 
other masses liable to split by resting on nar- 
row bas£s, so as to lose their equilibrium, and be 
5 „ put 
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£ut in motion on an inclined plane. He tten goefc 
on, as follows, § 355. " Very unexpected accidents 
" sometimes happen to disturb the rest of such frag- 
ments of rock as have once migrated from their 
own place. Saussure mentions a great tfnass of 
lapis ollaris, (Voyages aux Alpes, torn. IV. § 1851,) 
" that lies detached on the side of a declivity in thfe 
" valley of Urseren, in the canton of Uri. The 
people use this stone as a quarry, and are working 
it away on the upper side, in consequence of which 
it will probably be soon overset, and will roll to 
the bottom of the valley." 
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239. When I shall come to M. de Saussure's 
description of the phenomenon in question, which is 
the only precise instance adduced by Mr. Playfair, 
after all this display of general means to put rocky 
-fragments in motion, we shall see to what these re- 
sources amount. But I shall first observe how singu- 
lar it is that his prepossessions should have led him 
to fix on this spot, in the course of a description of 
phenomena, the most evidently in opposition to his 
system respecting the formation of vallies by the 
action of the waters which we see running in them. 
I shall therefore for a moment postpone the consi- 
deration of the mass of lapis ollaris, in order to point 
out some features of the valley of Urseren, as they 
are described in M . de Saussure's work, beginning at 
§ 1 850. " The valley of Urseren, situated between 
" VHdpital and Ztim-dorf, lies in a direction from 
" E. N. E. to W. S. W. In the space between these 
" two villages, and particularly in the bed of the 

t 2 " torrent 
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" torrent which runs through the valley, we found 
" that the rocks forming its basis had their planes 
" in nearly the same direction ; so that this valley, 
" as indeed every other appearance evidently indi- 
" cates, must be considered as one of the longitudi- 
" nal vallies of the Alpine chain. In one or two 
11 parts of its course, its strata are nearly horizontal; 
" but this seems to be the effect of accident ; their 
" general position rather approaching to the ver- , 
" tical. The mountains which border this valley on 
" the N. N. W. are. very high ; one of them, which 
" is directly opposite to Zumdorf, is called the Mutz- 
" Berg ; another lying farther to the W. S. W. is the 

" Spitz -Berg its summit rises above all the other 

" mountains which surround St. Gothard, and is 
€< constantly kept in view during the descent from 
" thc^Hospice des Capucins to the village of l'Hdpi- 
" tal : its sharp and indented projections are much 

" admired, being of singular force and boldness 

" But, although the lofty summits of the 'mountains 
" of this chain are granitic, yet their base, from La 
" Fourche to Urner lock, is covered by strata of 
" calcareous stone or argillaceous schistus, which 
" rest against their foot. At the foot of the opposite 
" chain, which borders the valley to the S. S. E., 
" neither calcareous nor argillaceous beds occur; 
" but only lapis ollaris y which, inversely, is not found 
" on the other side." 

240. I shall not at present dwell on this descrip- 
tion, for the purpose of showing how positively it 
Gontijadicts the hypothesis of the excavation of val- 

lits 
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lies by running waters; while, at the same time, it 
points out the cause of their existence, from the 
angular motion produced in the strata, which has 
rendered them vertical ; — because Mr. Playfair might 
still suppose the stream which flows through the val- 
ley of Urseren to have excavated it by pursuing the 
direction of some soft stratum. It is therefore iar- 
ther necessary to take notice of the form of this val- 
ley, as described by M. de Saussure, ascending lrom 
the spot where lies the great mass of lapis ollaris, to 
which I shall afterwards return. " § 1852. From 
" this point, 1 again ascended to l'Hdpital, and 
thence proceeded to Urseren, or Andermatt, which 
is the principal place in the valley, and three quar- 
" ters of a league to the east of l'Hopital. The * 
" elevation of the spot on which this village stands 
" is 726 toises. The bottom of the valley near An- 
" dermatt is so flat, that little doubt can be'enter- 
" tained of its having been originally a lake. The 
" village is situated by the side of a torrent, which 
" issues trom the confines of the Orisons, eastward 

u of the valley, and falls into the Reuss § 1853. 

" On following the borders of this torrent, near An- 
" dermatt, banks of schisti occur, which are some- 

" what remarkable their strata are of the most 

" perfect regularity, nearly vertical, running from 
" E. N. E. to W. S. W., and slightly dipping to the 

"S.S. E §1854. As the source of the lower 

" Rhine is distant only three short leagues from An- 
4i dermatt, and as in the road to it there is a view 
u of the pretty lake of Oberalp, I was desirous of 
" making this excursion, and I performed it on the 

" 28th 
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"<2Sth. ofr July, 1775. I first: ascended a* steep 
" eminence, which employed, three quarters, of; an 
" hour, over schistous rocks of the same class with. 
" those described in the preceding^ and situated 
" precisely in the same manner. I: then .came to a 
" valley covered with pastures : this valley* bearing 
" the mmcoLOberalp, is a continuation of that of 
" Urseren ;..... it has the. shape of a cradle; the mea* 
" do ws rising. on both sides to the, foot of the steep 
" rocks which border it: these meadows are- inter* 
" spersed . with huts, but there are no habitation* ia* 
" them for the winter. Two short hours brought me 
" from Andermattto the banks oi the Jake of Ober- 
€t alp. This, lake is scarcely more than a quarter 
*«of a league in. length, but it occupiesthe>whole 
" breadth of the .valley, the 'bottom* of which is in- 
" deed yery parrow.. Its waters, which • are « clear, ' 
" tpaoquil, anddeep* fill the lower part of this, green 
"cradle, and., produce, a ;. singular- effeet, chiefly on 
"account, of the masses of snow, whichy on the side 
" not exposed to the rays of the* sun, from* time to' 
" time descend close to the edge of the lake; two 
" small islands clothed with verdure contribute like- 
" wisa to adorn, it ' r and, at it& eastern extremity, a 
$ fine cascade -falling from 4.the summit of ^ a very 
"elevated rock, serves to i complete the beauty of' 
'* this romantic spot. Thee want of ti«ees, however,' 
" les&en&the cheerfulness of thescene^ for none grow' 
*' herey nor in the lower valley- A^small wood of 
u larch, only is seen;, opposite* to Andermafctj arid' 
tj much sare is -bestowed on it3 preservation, a& i%' 
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4 ' protects the valley' from the destrucff ve ~ effects " of. ' 
" the avalanches. 

" 185lS.....As'Icourcln6f easily approach the dif-, ' 
" ferent rivulets, forming' by their junction what is„ 
" called the source of the Lower Klihie, the ' j>pint> 4 
" of which I thought it most interesting to ascertain., 
" the elevation, was the summit of the CoL where 
" the waters separate, and run, some through the 
" lake of Oberalp into that of Lucerne f and others, 
immediately into the Rhine. I accordingly placed ; 
my barometer at the foot of a small cross, .which, 
stands on the highest part of this Col,, $nd serves , 
as a boundary between the country of tlie Grisom, 
" arid the valley of Urseren. Oh the 28th of July, , 
" 1775, at 20 mintites past 9, A. M. the barometer, 
" corrected from the effect of heat on the mercury, 
" stood at 22 p. 21 ; and the thermometer in the ppen 
" air" at 1 It* This observation, compared with 
" that made at Geneva by M.'m'luc." jun. gives ' 
" 1029 toises above the level of the sea. 

" S 1857. The mountains, to the ~south of the' 







" are not very distinct. It seems, however, that 
" th^ir position is nearly vertical, inclining in a slight, 
" degree to the N.*N. W. towards the lake 'of Ober- 
" alp, and that their planes are jn a direction trom 
"E.N.lE. to W. S.W. But the opposite, moun-,!, 
" tains, to the N. E. of the lake, which constitute m 
u the base of the Crispdlt\ have a very decided 
'*"' ^structure. 
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w structure. They consist of gneiss, the grains of 
" which are more or less large, and which in some 
" places might be entitled to the appellation of 
il veined granite. The strata are vertical, or at 
" least nearly so, and they are constantly parallel to 
" the interior veins of the stone. Their planes are 
" in an exact direction from E. N. E. to V. S. W. 
i€ like the valley of Oberalp, and that of Urseren, 
" as far as La Fourche, above the source of the 
'* Rhone* It is a singular circumstance to see two 
u such large rivers as the Rhine and the Rhone take 
" their rise at the two opposite extremities of a lon- 
" gitudinal valley, parallel to the direction of the 
i( strata of the mountains which enclpse it. For this 
" direction is the same throughout , the whole extent 
" of the two sides of the valley, with the exception 
%i of a few irregularities, not deserving attention." 

24 1 . Here then are two rivers, which, through a 
space of some extent, flow in opposite directions, 
both rising at an elevated point, common to two val- 
lies which run in the same direction ; and we shall 
presently see that this is one of the ca§e? which Mr. 
Playfair, considering it in a general manner, brings 
as a proof that the running waters have hollowed 
out the vallies. For he conceives that he can here 
trace the effect of a force, which was " nothing, or 
" evanescent," at the most elevated point, and which 
increased on both sides, as the distance from tha(; 
point increased ; " the working of water collected 
$c from the rains and the snows," being, he say& 
P the only cause we know of which i§ subject to this 

' Vlaw.* 
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* law." But it may here already be perceived, as it 
*Vtt also evidently appear in the instance to which 
Reapplies the above remark, that " this law" itself 
does not exist ; since we find that the valley of Ober- 
alp, from its very origin, is bounded by high moun- 
tains, between which it assumes the form of a cradle; 
its declivities, covered with meadows, rising to the 
foot of the steep summits which command them, 
and a torrent precipitating itself from a lofty rock at 
the extremity of this valley, the bottom of which is 
occupied by a lake. Now could running waters, at 
their minimum of power, or even at their maximum^ 
possibly form the basin of a lake ? Assuredly not ; 
011 the contrary, when they have met with any such 
octoity on their course, they have had a tendency to, 
fill it up with the debris of rocks, which at first they 
found in great abundance in their channels : this has 
been the case near Andermatt, where the bottom of 
the valley exhibits the appearance of a lake that has 
feeen filled up. Moreover, could a current, that in- 
strument the " repeated touches" of which, accord- 
i**g to ^Ir. Playfair, (Illustr. * § 99>) may be recog- 
**ized iq our vallies, have cut out at different heights 
^ide and horizontal vallies like those of Oberalp and 
Andermatt? Besides, what kind of outlet is there 
to this latter valley, described by M • de Saussure as 
c cheerful and verdant ?" He inform us, in § 1 859: 
That this passage is so narrow as to admit only 
the river ; and that it has been necessary, for the 
c accommodation of travellers, to cut out a silbter^ 
c raneous passage, about 200 feet in length, '* So 
ftat the pnly idea suggested by the accurate descrip r 
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tibn of this valley, similar to so many others in the 
Alps,* is" that 'of the cause which we shall presently 
find assigned to them' by M. de'Saussure himself; 
namely, the erect positron assumed by the strata 
during the angular movements of the great masses, 
Whichi after having suffered longitudinal fractures, 
t6&€ up in chaihs, and were consequently separated 
by valiies. 

242. In the course of these descriptions, I have 
p&Ssed over, as a phenomenon of very little import- 
ance, the mass of lapis ollaris, to which Mr. Playfair, 
though he had the descriptions before him, exclusively " 
directed his attention ; but 1 now return to that phe- 
nomenon, in order to transcribe what M. de Saus- 
sike says oh the subject, in § 1851, referred to by 
Mr.!" Playfair.' " In 4 descending from St. Gothard, 
"'I had met with "fragments of lapis ollaris'; I had 
"even observed pieces'of it among the stones with 
"which the road is paved; but I had seen none in 
" their native 'spot. M.' Reglin offered to show* 
u 'me? a "qudfry of it hear the road wKich I had to 
" asefend m my f elxxfn \ o rlfbpiial? When we were 
"abbiit half wayi he led*me out of the high* roaif, 




" this Stotte. ~ The "block, however, is of anenor-, 
" mSUs size ';' it is upwards of 100 feet'm rengitir; 




" from 
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" from any great distance ; bat it does not adfiere to * 
" the ground, nor will it even long remain in its 
" present place, if the people continue to work it 
" away on the upper side/ where the stone is of a 
" superior quality ; for it will lose its balance, and 
" roll to the bottom of the valfey." This, without , 
v d6ubt,- is very probable ; but when the stone shall 
have reached the bottom of the valley, it will travel 
no farther-; for nothing- in the* present state of the 
globe can effect the transportation of masses like, 
this,- when once*thtey haveTeached horizontal planes, 
such as ^re- found in all our vallies. Is this, then, 
any confirmation of the proposition advanced by Mn 
Playfair in his § 1 12, " that length of time can xron- . 
"vert accidental into steady causes ?*— a proposi-* 
tibir supposed to be illustrated by the Note; which, 
hte necessitated me to bring for ward the whole sce- 
nery, from which Mr; Hayfdir had selected a single ' 
point. It is much rather a confirmation of what. I 
hfed explained in my Letters to Dr. Hutton; .viz.; 
thkt/ on account of the state of disorder in which"" 
our continents were at their birth, a state exhibiting* 
only vast ruins of strata with abrupt and precipitous 
sections, plains covered with rubbish, and everywhere'' 
many cavities ; the tendency of the causes, " acci- 
* € dental" as well as " steady" which have since 
acted upon them, has been, and still continues to 
bfe*' pnly to bring their several parts to a fixed and 
permanent state. And here a remarkable circum- 
stance strikes us in M. de Sfcussure's description. 
After Savins asserted - it to b6 "evident" that this 
ptQTO^t *" not wm from any great distance" he 

adds 
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•dds nothing to point out any place whence it might 
have proceeded. Now, if we consider his having 
begun with saying, that, " in descending from St. 
" Gothard" he " had met with fragment* of lapis 
" oUaris y but" that having " seen none in their na- 
tive spot" a friend had " offered to show" him " a 
quarry" of the stone, and that he had been much 
"astonished" to find " only 4 single block ," we can- 
not doubt his having directed his attention to the 
rocks immediately above him. What follows, there- 
fore, seems to be the reflection which naturally oc- 
curred to his mind, when he perceived in them no* 
thing similar to this stone ; " it cannot, however," 
he says, " have come there from any great distance." 
The probability of this remark, and the consequence 
resulting from it, will appear, when I shall proceed 
to adduce an example, similar to the above, on the 
subject of great masses of calcareous stone. 

243. We shall again be led to descriptions given 
by M. de Saussure of very important phenomena, 
by the following passage from Mr. Playfair, § 357, 
which serves as a conclusion to the "Note already 
cited, on the transportation of stones, as well as to 
the preceding Notes, on Rivers and Lakes, and on 
Blocks and Gravel 

." The system" he says, " which accounts for such 
" phenomena as have tjeen considered in this and 
" some of the preceding notes, by the operation of 
" a great deluge, or debacle as it is called, has been 
" already mentioned. In Dr. Hutton's theory, no- 
rthing 
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thing whatever is ascribed to such accidental and 
unknown causes ; and, though their existence is 
not absolutely denied, their effects, whatever they 
" may have been, are alleged to be entirely oblite- 
" rated, so that they can be referred to no other 
" class but that of mere possibilities. A minute 
discussion, however, of the question, Whether 
there are, on the surface of the earth, any effects 
that require the interposition of an extraordinary 
cause, would lead into a longer digression than is 
" suited to this place. I shall briefly state what 
appear to be the principal objections to all such 
explanations of the phenomena of geology," 
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244. I cannot proceed without offering some re- 
marks on this passage, which is a very extraordinary 
one in two respects. And first, in speaking of a 
" great deluge," Mr. Playfair might seem to allude 
to my system ; in which I think I have made it evi- 
dently appear that the Deluge, as recorded in the 
Book of Genesis, where we find it described as hav- 
ing resulted from the destruction of ancient conti- 
nents which the sea overwhelmed, furnishes the only 
explanation of the birth of our continents, accord- 
ant with geological monuments ; and that the chro- 
nology of that sacred Book is confirmed by all the 
effects of those causes which have acted upon the 
surface of our continents since their birth. If Mr. 
Playfair thought himself able to refute this system, 
bis attempt would not have been a " digression ;" 
at least I do not consider in such a light the discus- 
sion of his theory. Truth cannot be solidly esta- 
blished, 
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«i$$hed, without the previous removal of -error. But 
.neither fctere, nor in any Other part of hfe work, does 
Mr. Playfair intend to advert to ray theory respect- 
ing the deluge ; the objections which he proceeds to 
jripte refer only to the expression debacle used by M. 
,de Saussure ; and this is the next very extraordinary 
part of this passage. 

£45. What I am now about to observe . on this 
he&d has already been remarked, in a general man* 
#er, by the Rev. Edward Nares, in his Bompttm 
Lectures j p. 315; namely, that there is no theory 
which contains more extraordinary causes than Dr. 
Hutton's ; while Mr. Playfair, speaking of M. de 
Saujssure's system, particularly considers his friend's 
theory, as having superseded " extraordinary cause*? 
M. de Saussure was the first who pointed out .to uf 
that the great chains of mountains consisted of strata, 
as well as mountains of less elevation, and bilk; 
that these strata had been originally produced at .the 
bottom of the sea, in a horizontal and continuous 
position, and that they had assumed the form of 
mpyntains, in consequence only of the angular move- 
ments of their masses, when separated by fractures. 
Dr. Huttpn adopted this explanation, and referred 
these catastrophes of the strata to the era of the birth 
pf our continents. This surely is no ordinary cause; 
npr i9 it become the less " extraordinary" because 
J}r. Hutton has multiplied its effects, by ascribing 
to it a repeated production of continents upon our 
fitaks, St intervals of some millions of years. 

346. In 
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246. In giving this account ..of the -state in which 
mountains are found, M. de Saussure left it unde- 
cided, whether those portions of the dislocated strata, 
now the most elevated, had been lifted up, or whe- 

• 

th^r those, now lowest, had subsided. He deferred 
the decision of this question, to the time when he 
should have completed the observations which he 
had in view, intending then to state the theory which 
should result from the whole, collectively considered; 
an intention which he expressed in each successive 
volume. An untimely death deprived physical sci- 
ence of the farther researches, and of the theory, of 
this eminent naturalist ; but the subject before us 
does not depend upon the question which he left 
undecided. Whether the birth of our continents 
^vas owing to their elevation from the bottom of the 
ocean, as Dr. Hutton supposes, or was produced 
by the subsidence of other continents which the sea. 
overflowed; in either case, the waters must have 
r etreated from the surface of the 'new continents. 
Now it is this retreat of the sea which M. de Saus- 
sure has called the debacle. By whatever name Mr. 
fHayfair may chuse to term it, he must of necessity 
^dpnit its reality ; and whatever may have been its 
effects, he cannot ascribe them to an ordinary cause. 
The whole' of the above passage, therefore, which 
paves the way for the introduction of other objects, 
to which we shall presently come, is founded only 
PU illusion. 
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. • 247. M.de Saussure, undoubtedly, at fiyst ascribed 
*Oo much power to the debacle, not only, as we have 

already 
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already seen, for the transportation of fragments of 
stones to great distances from the Alps, but even for 
the excavation of some vallies. It is also true that, 
in his earliest remarks, he inclined too much to at- 
tribute the latter effect, to torrents formed by the 
rains and melting of the snow. In fine, though it 
is to him that we are indebted for the first correct 
notions respecting the formation of mountains, he 
was not always consistent in his expressions ; for he 
sometimes speaks of successive formations of moun- 
tains, in passages where it is evidently to the differ- 
ent strata of those mountains that his remarks apply. 
But can it excite our wonder, that, when such great 
conceptions were first formed, even he, in whose 
mind they originated, should have intermixed with 
them some errors, or should occasionally have been 
betrayed into inaccuracy of expression ? Yet him- 
self pointing out, and that at a very early period, 
what might have led him to carry too far his asser- 
tions respecting the above supposed causes of vallies, 
he again recurs to his fundamental principle ; for he 
says, in § 920, (the same to which we shall find Mr. 
Playfair refer his readers for the description of a val- 
ley :) " I do not pretend to affirm that the waste and 
" erosion produced by the rains, the torrents, and 
" the rivers, are the only cause of the formation of 
vallies : the vertical positionr of the strata in the 
mountains forces us to admit another, of which I 
shall speak elsewhere. I wished only to make it 
appear that the correspondence of the angles, when 
occurring in vallies, does not prove that such val- 
lies are the production of the sea." Such, in fact, 

is 
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is tfie sole object of M. de Saussure in this para* 
graph, in exhibiting the peculiar characters of dif- 
ferent rallies, and that in opposition to the opinion 
of Bourguet, which had been adopted by BurtfoN. 

" But he could not have forgotten the necessary conse- 
quences of the erect position of the strata, for in the 1 
Section immediately preceding, (the 919th) beginning 
with the great scene displayed to his view from the 

i,. summit of Cram&nt, he had shown that the formation 
of mountains must have proceeded from the disrup- 
- tion of the strata, and the angular movements of the 
separated masses. He had then concluded the sec- 
tion in the following words: " Such were the ideas 
" suggested to me by these new observations in 1 774, 
H It will be seen, in the 4th volume, how far twelve 
" or thirteen years of continual observation and re- 
<c flection upon the subject may have modified this 
n first germ of my conjectures." Now it is to this 
that he evidently alludes, when in the next section 
he says, as we have seen above, ►that this othet 
" cause of the formation of rallies shall be treated 
" of elsewhere" But, unfortunately, his 4th and 
last volume has appeared without the promised 
theory. 

248. Let us now attend to Mr. Playfair's com- 
ments upon these observations, in § 358, where he 
begins to state the objections which he had announced 
in the preceding section. " The general structure 
xt of vallies among mountains, is highly unfavOur- 
" able to the notion that they were produced by any 
" single great torrent, which swept over the surface 
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" of the earth. In some instances, vallie*- diverge, 
" as it were from a centre, in all directions. la 
" others, they originate from a ridge, and proceed 
" with equal depth and extent on both sides of it, 
H plainly indicating, that the force which produced 
them was nothing, or evanescent at the summit of 
that ridge, and increased on both sides, as the dis- 
tance from the ridge increased. The working rf 
u water collected from the rains and the snows, and 
seeking its way from a higher to a lower levd, 
is the only cause we know of, which is subject to 
" this law."' 

249- It often happens that Mr. Playfair substi- 
tutes that which should be, according to his theory, 
for that which actually is ; I have already had occa- 
sion to make this remark, and I shall here bring a 
new instance in confirmation of it § 360. " Some 
" vallies," he says, " are so particularly constructed, 
" as to carry with them a still stronger refutation of 
" the existence of a debacle" This however can apply 
only to the effects; since the debacle, or retreat of 
the sea, is a. fact. " These are the longitudinal val- 
" lies, which have the openings by which the water is 
u discharged, not at one extremity, but at the broad- 
" side. Such is that on the east side of Mont Blanc, 
" deeply excavated on the confines of the granite and' 
" schistus rock, and extending parallel to the beds of 
" the latter, from the Col de la Seigne fo the Col dt 
41 Ferret ; its opening is nearly in the middle, from 
" which the Dorea issues, and takes its course through 
u a great valley, nearly at right angles to the chaia 
**_o£ the Alps, and to the valley just mentioned.... 

" Voyagu 
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u (Voyages aux Alpes, torn. II. $ 920.) Th$ force 
*' which excavated this valley must have been nothing 
- € * at the two extreme points, viz. at the Col de Seigne 
€€ and the Col de Ferret, and must have increased 
€€ with the distance from each. It can have been 
41 produced, therefore, only by the running of two 
46 streams in opposite directions, on a surface that 

V was but slightly uneven, these streams at meeting 

V taking a new direction, nearly at right angles to 
f c the former. A clearer proof could hardly be re- 
quired than is afforded in this case, that what is 
now a deep valley was formerly solid Tock, whicfi 

' ." the running of the waters has gradually worn away j 

and that the waters, when they began to run,, were 

u on a level as high, at least, as the tops of those 

- $€ mountains by which the valley is bounded toward 

" the lower side." 

250. It is probable that Mr. Playfair has entirely 
confined his attention to this § 920 of the Voyages 
aux Alpes, in which is given only a general idea of 
the situation of the above valley, and that, as has been 
.remarked above, in the view of opposing itto the hypo- 
thesis of Bourguet, followed by BufFon ; for it does not 
appear to me that he can have read the descriptions 
given by M. de Saussur© of the extremities of that 
, valley, where he would have seen how far " the force 
. " which produced it" was from being " nothing, or 
* evanescent" I shall begin with the description of 
the extremity on the side tpwards Col de Ferret, 
§861. " The Col de Ferret is composed of foliated 
$t grit and soft slate, the plates of which are vertical, 
" excepting where they rest against the primitive 

u 2 "mountains. 
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* mountains, 'their direction is S. S. by W., like 
" that of the valley..„..The descent is very rapid, and 
" danger6u§, even for mules, after rain, as the Idosfr 
'* slate f6tm$ a very slippery soil. This- declivity is, 
c * like the Col, composed of slate aftd foliated grit; 
4k but banks of calcareous stone of a slaty colour 
" also occur, and this last stone fconstitutes exelu* 
" lively the lowest part of the mountain on the sider 

u towards the central chain § 863. I employed an 

,c hour in descending to the first huts ; they are 
u called the huts of Prfo de Bar, and, according 
" to our observations, are lib tcises- lower than the 
41 summit of the Col, Between these huts, and the 
" fine glacier of Mont Doleht, there is a hill consi- 
" derably higher than the fo6t of that glacier, from 

" which it is separated by a deep valley §866. From 

" the huts. I descended to the bottom of the (great) 
ft valley, and there, for the purpose of observing the 
" base of Mont-Ru, which separates the glacier of 
u Mont t)olent from that of Triolet, I left the beateft 
" track, arid with dome difficulty forded on my mule 
u the torrent issuing frbrti the foot of the former of 

" these glaciers § 871. Along the road there oc- 

*' curs, in the primitive chain, a succession of gla-> 
" ciers:, which I shall not stop to describe. One of 
" tfee most striking is a league distant from the base^ 
" of Mont ferret ; it is formed by the combination 
H> of four or five others, which discharge their ic© 
" iftto the same basin. About a quarter of a league 
° beyond this glacier, the valley widens ; it as&ume* 
" a more cheerful aspect, and is covered whh huts> 
" flpeks, and pasture grounds. It here takes the name 

"of 



u of VaUk iTEntrkve" Sucfr is th$ defcr^jiCii Of 
this extremity of the valley. Tfre Col, ipr M<mt 
Ferret, is first rapidly descended; $uid at the di^r 
tance of a league and a quarter from its foot, w$ 
already reach the bottom of this v^lley ? . )vhich fo 
from eight to ten leagues in length; hw'tog left 
behind the vast projections of the central chain whkb 
border it, forming distinct eminences, which separate 
the glaciers from each other. Are these the chg.r 
racters of an " evanescent Jo reef of a force, which 
• being at the very origin of its existence, could 
scarcely have begun any work of excavation ? Po 
we not here, on the contrary, trace evident marks of 

subsidence? ., 

- ■ ■ •« ■ . • ■ . - 

25 h Let us now proceed to the other extremity 
of this valley, where we shall find characters stilj 
piore striking of its real cause, and more ^bsqlutely 
exclusive of that, of which Jtyr. Playfgir asserts that 
■" a clearer proof could -hardly be required than is 
" afforded in tins case" We will therefore recur to 
M. de Saus&ure's description of the Col de la Seigne, 
beginning in § 845. " We employed. an houf &nd a 
" quarter in reaching thp summit pf the Col, from 
" the hamlet of the glacier. We there enjoyed, on 
V a remarkably clear and fine day, the beautiful 
" spectacle presented by this spot, which, ip elevated 
" 1263 toises above the level of the sea. Imme- 
m " dfotely beneath us was the Allee blanche, And, in 
. €i the same directipn, the valley of Ferret, termi- 
M nated by the Col of that name. These two val- 
" lies, in reality, forjii only one,, from .eight to ten 
& " leagues 
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" leagues in length, running from N. E. to S. W,,' 
" and bounded, at its two extremities, by the two 
" Cols, which are of the same nature, and nearly 
" of the same height. This long valley is bordered 
" on the left, or to the N. W., by the chain of Mont 
u Blanc, majestically towering above the high Needles 
" which surround it. ....The mountains which bor* 
" der this valley to the S. E. are less high, though 
" still of considerable elevation • they are secondary^ i 
" and for the most part calcareous ; their summits, ' 
" nearly all of which terminate in a point, are ex- 
" tremeiy steep on the side next to the chain of 
€i Mont Blanc, and incline even towards that ridge, 
$i as if making an effort to reach it From the bot- 
" torn of this valley, which is rounded in the form 
" of a cradle, arise, very near the spot where we 
" stood, two pyramids y extremely sharp-pointed; 
" and surpassing the Col in elevation*. These W> 
u pyramids are composed of a calcareous stone in- j 

" termixed with mica. § 849 The waters which 

" descend on that side of the Seigne discharge them- 
u selves into the Po> and from thence into the AAA* 
u atic..,...\ 850, Shortly after we began to descend, 
" we passed near some beds of breccia remarkable 
$i for the flatness of its fragments. These beds form 
" with the horizon an angle of 5l # , rising up against 
" the central chain ; and they Tun, like the valkyt 
i€ from N. E. to S. W......The breccia again occurs 

" towards the bottom of the descent, at the foot $ 

u the calcareous pyramids already mentioned • 

" § 851. The pyramid which is highest, and nearest 
$i to the Qq\ appears also to be composed of tfc** 

j>recci* 



295 

u breccia; but the lowest is not a breccia; it is a 
u grey calcareous stone, traversed by veins of spar, 
u and occasionally of quartz. Nor is the position 
41 of the strata the same in the two pyramids; in the 
" highest, they run from N. to S., while in the other 
u they run nearly from N. N. by E. to S. S. by W. 
" In other respects, their configuration is the same ; 
H they consist of vast pyramidal plates, almost ver- 
u ticaly applied one against another." These de- 
tails may serve to show how conducive to error are 
all vague and indistinct descriptions of phenomena. 
The simple idea of a valley, the waters of which have 
no passage at its extremities, but only towards the 
middle of one of its sides, leaves the imagination at li- 
berty to conjecture, that, at the extremities, the "force" 
which produced the valley might have been, as it were, 
in its infancy, and might afterwards have increased, 
as the distance from those points increased ) a law, 
without doubt, applicable only to running waters 
which begin to flow at such extremities. But the 
foregoing description, by its details, entirely sets 
aside this idea, and refers us to a cause capable of 
having deepened the valley at its extremities, as well 
a* towards the middle, with only accidental differ- 
ences. Now such a cause is to be found in partial 
subsidences of masses of the strata, at the time when 
the remaining lateral masses underwent those angu- 
lar movements, noticed by Mr. Playfair, which could 
not possibly have taken place, unless vacant spaces 
* had existed between them. The effects resulting 
from these angular movements are ascertained by the 
' position of the strafa, in the ridges op either side of 
*the valley. 

152, Tbfc 
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252. The same cause manifests itself in another 
part of M. de Saussure's description, where be speaks 
of a lake in the same valley, very near to the Col dc 
la Seigne: a circumstance extremely remarkable, 
and particularly noticed by the Reverend E. Nares, 
in his Barapton Lectures already cited, p. 317. 
" The stream from the Col de la Seigne" he observes; 
pas&es through the Lac de Combat, which would 
surely not have existed till this time, had that 
" stream been the vehicle of such a detritus as miist 
" have been necessary to the formation of the valley." 1 
This is evident, and will become more so, by a con- 
sideration of the several phenomena which accom* 
pany this lake, as described by M. de Saussure. 

"§852. And first we find ? " at the foot of the 
pyramids, " an extensive tract, partly covered with 
" debrii aad partly with meadows, at the extremity 
" of which are huts, bearing the name, of the Alike 
" blanche. We leave these to the left, and pass on 
" to the foot q{ the vast glacier, also called that of 
" the AllAe blanche. It is formed by the junction 
a of thi'ee glaciers, which discharge their ice into 
" the same basin. Two parallel ridges, composed 
i( of e^rth and debris, contrast with the whiteness 
i€ of the ice, which in itself is pure, shining, an4 
u deeply furrowed by fissures, though which ap- 
u pears, towards the bottom, the green hue, peculiar 
" to the Glaciers, Some of the rocks, the extreme 
*' steepness of which prevents the accumulation of 
f ' the ice upon them, by thus breaking its continuity, 
# discover to ow view the wtyni&hing thickness <*f 
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** its masses. The summit of the glacier is com- 
*' manded by a ridge of rock, which is itself crowned 
" by a ledge of snow projecting towards the side on 
*' which we stood.... «§ 853. Still keeping in sight this 
44 magnificent glacier, we descended into a plain ap~ 
" proaching to an) oval form, at the extremity of 
u which there is a small lake, called the Lac de 

" Combat, or that of the AllSe blanche This lake 

u and this little plain are. commanded on the N. Ws 
44 by a mountain, which separates the glacier of the 
4C Allee blanche fbm another called the Rvize de 

44 Miage .This Glacier de Miage, adjacent to the 

44 mountain on the If. E., is not seen from hence; 
" for we are below it and it is concealed from our 
44 view by its moraine, or the accumulation of stony 
*' fragments and debrx by which it is bordefed and 
" enclosed. This monine, elevated above the sur- 
44 face from 100 to 150 feet, borders t#the N. E. the 
** small lake which we are coasting. The lake, the 
44 waters of which are of i blackish green, surrounded 
44 on every side by these keaps of ruins, and by de- 
clivities interspersed wife larches stunted and half 
decayed, presents the most wild and dreary 
4* aspect/' 

253. We now come to tie phenomenon, which 
had been Induced by Mr. Playfair in § 348, cited 
above, in proof that " before the vallies were cut 
44 out in the form they now are, and when the moun- 
" tains were still more elevated, huge fragments of 
ic rock may have been carried to a great distance" 
Jvet us then follow this description; to which he re- 
fers 
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fers his readers in a note, and which we shall find in 
§ 854 of jVL de Saussures Travels. " On quitting 
" the larches, we found ourselves at the extremity 
"-of the lake; we crossed on a wooden bridge the 
u torrent which issues from it, and we followed its 
" course, and the moraine of the Glacier de Miage, 
"for the space of an hour. This route is wild aad 
" desert in the extreme ; the weight of the ice, con- 
" tinually pressing on the debris accumulated at the 
" foot of the glacier, causes then to fall into thfc 
" torrent, which is gradually undermining the moun- 

u tain on the opposite side THs route presents to 

" the lithologist the most inteiesting objects. He 
*' finds there a great variety of rare and curiou; 
" stones, brought down by the glacier from the base 

* of Mont Blanc, which commands its left bank 

u Were it not known that these stones had been con- 
" veyed thithtr by a glacier, no circumstance could 
tl have pointed it out. The debris are accumulated 
fin such vast quantities, as effectually to conceal 
-" the ice, which is visible only at the bottom of some 
" furrows, Scooped out bj the waters that collect on 
" the surface. But, after having passed through 
" this narrow defile, we entered a cheerful valley, 
u covered with fertile me&dows; and, on looking 
♦* 4 back, we saw the entire base of the immense gla- 
cier, over the rampart of which we iyd been tra- 
velling." 






254. I can readily conceive that Mr. Playfair, 
prepossessed in favour:. of his. opinion, may have 
taken for a confirmation of it a part of the foregoing 

> • s passage* 
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passage ; but the remainder might have undeceived, 
him, if, having read this whole volutne with atten- 
tion, he had more particularly considered §625; 
where, speaking of the Glacier des Bois, in the val- 
ley of Chamouni, situated on the opposite side of 
the central chain, M. de Saussure expresses him* 
self as follows : " The blocks of stone, with which 
$i the bottom of this glacier is loaded, lead to an 
" important reflection. When we consider the small- 
46 ness of their number, and recollect that they are 
" deposited at this extremity of the glacier in pro- 
*' portion as the ice melts, we are astonished that 
" there is not a more considerable heap ; and this 
" observation, as it agrees with many others which 
" I shall report in succession, may induce us to be* 
*' lieve, with Mr. de luc, that the present state of 
u our continents is not so ancient as some philoso- 
H phers have supposed it to be." M. de Saussure 
would have drawn a similar inference from the phe- 
nomena exhibited by the glaciers of the valley just 
described. When we consider that glaciers descend- 

- ing from the chain of Mont Blanc, border this val- 
ley to the N. W. from one extremity to the other, 
and that they " deposit" in it "fragments of stone, 
** in proportion as the ice melts? is it not evident 
that, if such a deposition and accumulation of stones 
had been continued for an immense ni/mber of ages, 

■ the bottom of the valley would at present be covered 
fvith them, and that no "fertile meadows? inter- 
spersed with huts and cattle, would now meet the 
eye ? And, without entering at large upon the sub- 
ject, since tim moraines of the glaciers of the AU6e 

- blanche 



* 



300 # 

blanche and of Miage, those accumulations of stones 
which border the lake of Combal, are advancing 
into it, as well as on the plains above and below it, 
and towards the torrent that flows out of it, what 
should have prevented them from having already 
filled np the. lake, and covered all that space? In 
factj 'these phenomena are of so striking a nature, 
that; were it not for the prepossession entertained by 
Mr. Playfair, they would assuredly have served to 
tonvince him that this valley, far from having been 
gradually hollQzvcd out from a solid rock, is not so 
sdeep now, as it was at the birth of our continents : 
fcnd, (returning to our immediate subject,) that none 
t)f the fragments brought down by the glaciers from 
the abrupt sides of the rocks, either have been or 

^ould havfe been transported out of the valley* 

• i • 

255. A clear idea of the importance of the phe- 
nomenon of the granite fragments found scattered ki 
different countries may have been formed already, 
"from the details to which I have, been led in examin- 
ing the several means employed by Mr. Playfair ip 
support of Dr. Hutton's opinion on this subject. 
These geologists, ipore enlightened than the greater 
part of their predecessors, were the first to acknow- 
ledge, that, in supposing a transportation of these 
fragments over the surface of the soil, it must be 
considered that between many of the spots where 
they abound, and every granitic eminence, chains qf 
'mountains intervene, along the vallies of which they 
could not possibly pass ; whence it became necessary 
to show in what manner &uch a teanmcrtatioji could 

have 
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have been effected, notwithstanding these obstacles* 
But it rtiay have appeared, from the foregoing de- 
scriptions, that the means employed by Mr. Playfair 
for removing this difficulty are wholly inadmissible ; 
and now, by adducing many other particulars of this 
remarkable phenomenon, I shall render manifest the 
impossibility of believing any kind of transportation 
of these masses along the surface of the ground, and 
the consequent necessity of referring them to an ori- 
gin very different from that which had been thus as- 
signed to them* And here I shall begin with ob* 
serving that, when blocks of granite were supposed 
to proceed from granitic mountains, their genus ortt 
ly was considered ; whereas it would have been pro- 
per to compare the respective specks. In the heaps 
of blocks, for example, found in iVestphalia, Lower 
Saxony, and Pomerania, there occurs an astonishing 
variety of species, not only of granite, but of por- 
phyry* * a ™l other stones of the same class, entirely 
unknown in the mountains of Germany. This has 
induced some German mineralogists to suppose these 
blocks to have proceeded from the mountains of 
Sweden ; the ice in the Baltic having served them as 
#i vehicle for traversing that sea, of which, since 
then, the level has subsided. Others again, not as- 
senting to such a cause, have imagined these blocks 
to be the remains of granite mountains formerly ex- 
isting On those very spots, from the degradation of 
which is derived the sand found there in such abun- 
dance, intermixed in some places with great quanti- 
tics <Jf gravel of the same stones. But, if all the 
characters of this great phenomenon had been ascer- 
/ Gained 
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tainQd with exactness, explanation* so much at va- 
riance with each other would never have been ha- 
zarded. 

256. It is not only at great distances from granitic 
mountains that the dissimilarity of the species of the 
granite in these mountains and in the blocks denotes 
that they must have had a different origin. In the 
vicinity of the Giant's mountains, and those of Hartz, 
I have seen granite blocks, of species very distinct 
from any found in those mountains. M. Patrin 
has observed the same phenomenon in Daouria, on 
the mountain Odon Tchehnn, where the granite of 
the blocks scattered over its declivity differs from 
that of the rocks which command it, whence, if they 
had proceeded from the mountain, they should have 
fallen. Similar cases occur in the Alps, as may be 
seen on comparing the stones found on the declivities 
with the overhanging rocks. I have adduced an in- 
stance of this, in § 167, on the authority of M. de 
Saussure, who mentions a number of primitive stones 
observable % on the slope of a calcareous mountain, in 
the valley of Cluse. And in the chapter where he 
treats of the Lithology of the valley of Chanmni, 
•after speaking of large accumulations of lapis ollaris, 
or serpentine stone, of which none is to be found in 
the rocks above, and describing other phenomena of 
the same kind, he makes, in §717, the following 
remark, certainly very essential, inasmuch as it re- 
lates to the distinction to be made between the phe- 
nomena which have their cause in the operations 
•now taking place in mountains, and those which were 

produced 
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produced at the time of the formation of the latter. 
" It is an observation," he says, " important to the 
" Theory of the Earth, that, in the upper parts of 
" vallies surrounded by high mountains, we find no 
" rounded stones, foreign from the nature of the par- 
" ticular valley in which we may chance to be ; those 
" that we meet with are never any thing more than 
the debris of the neighbouring mountains. In 
plains, on the contrary, and at the outlets of val- 
" lies opening into plains, we find stones which seem 
" to have fallen from the sky, so widely different is 
" their nature from all that we see in the environs." 

257. But the stones which are found disseminated 
over the surface of the land, and which belong to no 
mountain of the country, are net only granite, por- 
phyry, and others of a similar kind; we see among 
them some of several other classes and species, and 
this is a very important circumstance of the pheno- 
menon. We find scattered T)lo(ks of granulated 
quartz, of laminated quartz, of grit, of waeken, of 
hornstone^ of calcareous stone, as well as gravels of 
all these classes, and of flint, on soils very remote 
from every mountain composed of these stones. Mr. 
Play fair himself adduces several examples of this 
phenomenon which occur in England, and in coun- 
ties very familiar to me ; but he does not connect 
them with many others, which lead to the exclusion 
of the origin ascribed to them in his work. The fol- 
lowing is one of thepe examples, § 335. " The road 
" to Exeter from Taunton Dean, between the latter 
" and Honiton, passes over a large heath or down, 

" ton- 
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" considerably elevated above the plaih 6i Taunton* 
u The rock which is the base of this heath, as far 
u as can be discovered is lime-ston$, and over the 
surface of it large flints m the form of gravel, are 
very thickly spread. There is no higher gfound in 
the neighbourhood firm which this gravel can be 
supposed to have come, nor any streapi that can 
t€ have carried it ; so Ihit no explanation of it re- 
maim, but that it is formed of thefints contained 
in beds of limestone, which are now worn away. 
The flints on the heath are precisely of the kind 
found in the limestone; many of them are not 
u much worn, and cannot have travelled far from the 
u rock in which thej were originally eontained. It 
seems certain, therefore, that they are the debris 
of limestone strati, now entirely decomposed, that 
once lay above the strata which at present form the 
base of this elevated plain, and probably covered 
them to a considerable height. This explanation 
" carries the greater probability with it, that any 
" other way of accounting for the fact in question, 
" as the travellingof the gravel from higher grounds, 
u or the immersion of the surface under the sea, will, 
u imply changes in the face of the country, incom- 
" parably greater than are here supposed. Our hy- 
" pothesis seems to give the minimum of all the kinds 
" of changes that can possibly account for the phe- . 
" nomenon." 

258. In § 336,* Mr. Playfair brings an instance of 
the dissepiination of a gravel formed of granulated 
quartz* This gravel is found in great abundance in 

Warwickshire, 
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Warwickshire, Leicestershire, Nottinghamshire, and 
as far as the south of Yorkshire, although " no rock 
of the same sort" as Mr. Playfair himself says, 
is seen in its native place* This enigma is ex* 
plained/' he continues, " when it is observed, that 

" the basis of the whole tract is a red sandstone, 

" often containing in it a hard quartzy gravel, per* 
" fectly similar to that which has just been men- 
" tioned. From the dissolution of beds of this sand- 

" stone there can be no doubt that this gravel is 

" derived I have said," he resumes, " that a rock 

" capable of affording such gravel as this, is not to 
" be found in the tract of country just mentioned, 
" This, however, is not exactly true ; for in Wor- 
" cestershire, between Bromesgrove and Birmingham, 
" about seven miles from the latter, a rock is found 
" consisting of indurated strata, greatly elevated, 
" and without doubt primitive, from the detritus of 
" which such gravel as we are now speaking of might 
" be produced. These strata seem to rise up from 
under the secondary, where they are intersected 
by the road ; and, for as much as appeal's, are 
not of \great thickness, so that they cannot have 
afforded the materials of this gravel directly, though 
they may have done so indirectly, or through the 
• c medium of the red sandstone ; that is to say, a 
€€ primary rock of which they are the remains, may 
" have afforded materials for the gravel in the sand- 
u stone ; and this sandstone may in its turn have af- 
" forded the materials of the present soil, and par- 
" ticularly the gravel contained in it" 

X 259. After 
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259. Aftfifr tffcse explahertions of particular phe> 
nomena, Mr. Playfair itext enters into general spe- 
cdfctions, ttV which I shall advert ; — but n6t until I 
shbll ha??fe first examined- what he has said Of those 
|Jh6Aome<to, m* respect to which, thinking thai he ha*' 
consid&fetfthem in all tHeir circumstances suffiti&rtly 
for the purpose of subsequent generalization, he cites 
the following important maxim of Bacon : " That 
** the explanation of a phenomenon should not be 
4i sought for from the study of that phenomenon alorte, 
" but from the comparison of it with others.* It 
ivere to be wished that he had really availed himself 
of such means of arriving at certainty, before he had 
given those explanations of the above phenomena, 
which I shall now proceed to examine. 

260. In the first example which he adduces, he 
dwells only on one of the phenomena of the particu- 
lar kind which he cites, namely, the gravel formed 
of flints, which is found ofr the road from Taunton 
to Honiton, and which in general covers the Black* 
down hills ; becafrse he imagines that this gravel may 
be attributed to the destruction of calcareous strata, 
of the same kind as some which are here aftd thfcre 
discovered among those hills. But he has not ob- 
served them so attentively as I have, and it will be 
seen in my travels both that his explanation is abso- 
lutely excluded by facts, and that no other cause can 
be assigned tb this, and to many other similar phe- 
nomena, than operations which took place fir the 
ancient sea. 

2S1. With 
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"261. With regard to the second example, where 
'Mr. Playfair speaks of granulated quartz, he ad- 
verts only to the gravel of that class disseminated 
over some counties ; and he ascribes its origin to 
strata of a similar kind, which, in the first place, 
produced the red sandstone intermixed with quartzy 
gravely the sandstone itself being afterwards decom* 
posed. Upon which I shall begin with remarking 
that, considering the operations now going on upon 
our continents, it is impossible to suppose the exist* 
ence of those which he here accumulates on each 
other; namely, the formation of this gravel by the- 
destruction of strata of its own species, its dispersion 
oyer so great an extent of country, its incorporation 
in real strata of sandstone, and finally the decompo- 
sition of the latter. I have visited that part of Eng- 
land since I have been acquainted with his work; 
and it will be seen in my travels how many circuital 
stances relative to this very phenomenon had escaped' 
his observation. I shall here add ,only one other 
phenomenon, which is also common to fVarxvkkshire f 
Staffordshire, Shropshire, and Lancashire; I mean; 
the great quantity of granite blocks found in thaie 
counties, besides gravel and some blocks of granu- 
lated quartz ; although the only granitic eminence 
ih the vicinity of that extensive tract is Mount Sorrtl 
in Leicestershire. 

262w But, with respect to granulated quarts itself; 
$dv* Playfaitf appears to be unacquainted with a phe- 
nomenon, in comparison with which all this gravel 
inufet sink into insignificance. In Berkshire, Bwck- 
HkghamsMt*, tFUtihire> and Dorsetshire, where 
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there is only sand and chalk, vast quantities of large 
blocks of granulated quartz are found in the sand, 
which blocks the inhabitants break into cubes, for 
the purposes of paving and building. Windsor 
Castle, for instance, arid its terrace, are constructed 
with this stone, which was probably taken from the 
forest or the neighbouring heaths, where, neverthe* 
less; a great quantity of it still remain*. The frag- 
ments of granulated quartz on Marlborqugh downs 
are more generally known ; and to give an idea of 
the magnitude of some of these blocks, it will., be 
sufficient to state that the stupendous druidical mo- 
nument on Salisbury plain, called Stonehenge, » 
formed of them. To assert these primitive stones 
to be the remains of strata of their particular species, 
by which the chalk was formerly covered, would be 
framing an hypothesis similar to that, which derives 
the granite blocks of Brandenburg, Mecklenburgh, 
and Pomerania y from granitic mountains anciently 
occupying these tracts ; whence also tlie sand, which 
now covers them to such a depth, is supposed to 
have originated. We must then have recourse to a 
far different cause, common to all these phenomena. 

263. Proceeding afterwards to generalize his par- 
ticular remarks, Mr. Playfair expresses himself as 
follows, § 342 : " It is a fact very generally ob- 
" served, that jvhere the vallies among primitive 
" mountains 6pen into large plains, the gravel of 
"•those. plains consists of stones, evidently derived 
** frona the. mountains. The . nearer that any. spot is 
€i to the mountains, the larger are the gravel stones, 
" and the less romded ; k their figure ; **n<V as the 
-.-. ■":; ... "distance 
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distance increases, this gravel/ which often forms 
a stratum nearly level, is covered with a thicker 
" bed of earth or vegetable soil. This progression 
" has particularly been observed in the vallies of 
" Piedmont and the plains of Lombardy, where a 
bed of gravel forms the basis of the soil, from tlie 
foot of the Alps to the shores of the Adriatic. We 
may collect from GuteTTAim, that a shnilar gra- 
" dation is found in the gravel and earth which cover 
" the great plain of Poland, from Mount Krapack 
u to the Baltic. The reason of this gradation -is 
evident ; the farther the stones have travelled, dtf d 
the more rubbing they have endured, the smaller 
" they grow, the more regular is the figure thej^s- 
f € sume, and the greater the quantity of that liner 
" detritus which constitutes the soil. • The washing 
" of the rains and rivers is here obvious ; ana each 
" of' the three quantities just mentioned, if, not di- 
t; rectly proportional to the distance which 1 the stones 
u have migrated from their native place, mpy be said, 
** in the language of geometry, to be s£ least pre^ 
portional to a certain function of that* distance. ''; 
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u The immense quantity of caittcux rdulfo, of 
€i rounded gravel, collected in the Whmediate;vicinr- 
<c ty of mountainous tracts, has l£d some geologists 
" to suppose the existence of ancient currents, which 
4€ descended from the mountains, in a quantity, and 
£t with a momentum, of which there is no example 
in the present state of the world. Thus Sau&sure 
imagines, that the hill of Supcrgue, pear Turin, 
" which is formed of gravel, can only be explained 
" by supposing such currents as are just mentioned, 
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" or what he terms a debacle, to have taken place at 
" some former period. If however, we ascribe to 
" the mountains a magnitude and elevation vastly 
" greater than that which they now possess; if we re- 
ic gard the vallies between them as cut out by the 
*' rivers and torrents from an immense rampart of 
" solid rock, neither materials sufficiently great* nor 
" agents sufficiently powerful, will appear to be want- 
<* ing, for collecting bodies of gravel and other loose 
'< materials, equal to any that are found on the sur- 
44 face of the earth. The necessity of introducing 
'* * Mbacle, or aay other unknown agent, to account 
" for the transportation of fossils, seems to arise from 
" under-r&ting the effects of action long continued, and 
" not limited by euch short periods as circumscribe 
" ttm works, and even the observations, of men" 

2.64, Mr. Playfair himself has speculated much 
more than he has observed ; and, in regard to the ob- 
|er vatiotyof others, he dwells only on (hose which seem 
fcyourabl* to his system. If his theory were true, 
appearancat ought indeed to be such as he states 
them at the beginning of this passage ; but nothing 
can be more at variance than that description is with 
facts. With reipect to the circumstance which he 
adduces on the authority of M. Guettard, I shall 
only say, that I have observed the phenomenon of 
the stones which He scattered on the shores of the 
Baltic, and that the description which I shall give 
of them in ipy travels will show the error pf suppos- 
ing them to have been transported thither by the im- 
pulsion of any such cause a§ he assigns. But I shall 
dwell more particularly on what he advances frbm 

M. de 
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]yf . de Sans$i*re» - of . \\boae testimony Jie wa^^hipa- 
§$lf \yhf n it appears. favourable, to .his own hfypother 
|jg, as in the pre^utbHance.o t\tlie f state of tl^ 
plains watered by the Po, while *fae contotdiote hi® 
upon other facts, although . uoaoquaiatedi wtthtthaj; 
ecettye, $f valines have owed their fonnatimforunr 
tung. waters, and if, as he supposes, their jnateriab 
have already in part been conveyed- to the, sea, apr 
pearances must indeed be such as he states them, 
when he aays^ia&t " where rthe vallie^ among pr&ni- 
" tive mountains open into large plains, jthe, gravel 
" of thofte plains consists of stones, evidently de- 
'* rived from the mountains." But he has w# here 
attended to M. de Saussures remark eked above, 
that, on the contrary, " in plains, and; it theoufr- 
" lets of rallies opening into plains, twefind sounded 
" stones, >and fragments of rock, whiehiseem to have 
# fallen fmm the sky, aocwidjeiy different is their 
M mature from all that we see in the. environs." . C^p 
any thiogrbe in more direct .opposition to what. Mr, 
Playfair asserts to have been generally, observed ? 
>The fact, however, as stated by M, de Saussure, is 
well aaeertaimed, ,and . extremely common ; and he 
darings sewral , examples of (this phenomenon in his 
/^ravels. I do not agree with him in opinion respect* 
jug jsamt of the effects .whk& be ascribes, to ihe d£- 
-hack 9 such as ike, blocks, of .granite jfouod on Juxa, 
jmd<m ttehbl df Supergue:. b\jtt we shall presently 
.we that he dqes.aofc imagine ihe production of that 
iiiil k&elf t^ have been, one of those effects, as Mr* 
-Playiaki asserts ; #«d besides,, this at back, to which 
t iBev£n^^henQmena;<K>nn€ctediwith the transportation 
gtf toofi& jnaterkls jeay doubtless he attributed, is 
.■ - ■• • " v ' an 
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an event which unquestionably happened, and whicfc 
Mr. Playfair himself must admit For, as I havq 
already observed, M. de Saussure understands only 
by that event the retreat of the sea from our conti- 
nents at the period of their birth ; a retreat which 
must have been sudden and violent, whether these 
continents were raised, as Mr. Playfair thinks, or 
Other continents subsided. 

Q65f Mr. Playfair, then, has substituted what 
ought to be, conformably to his hypothesis, for what 
really », and has set aside such facts as demonstrate 
the actual state of things to be extremely different; 
and this with regard not only to those brought for- 
ward by M, de Saussure, whom he cites, but also 
to those mentioned in my works, of which he never 
speaks. In my second Letter to Dr. Hutton, I gave 
a statement of facts, no less certain than they are 
general j they will not be effaced by the silence with 
which he passed them over, but will ultimately pre- 
vail over the mere suggestions of the imagination. 
Most of the materials, set at any time in motion by 
running waters among mountains, still remain there, 
and no part of them is conveyed by rivers beyond 
their boundaries, but through such spaces as possess 
a sufficient degree of declivity. For, as soon as these 
rivers reach the plains, their beds are found to con- 
tain no other gravel, than such as belonged to those 
plains at the period of the birth of our continents. 
This is evident; inasmuch as the gravel changes in 
the beds of rivers, whenever any difference occurs 
in that of the soils through which those lifters run ; 
and (his is the casg with regard to.the soil of the 

, neighbouring 
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neighbouring hills, as well as to that of the plain. 
Now Mr. Playfair ought to have noticed and ans- 
wered this fact, before he considered himself as 
Authorised to say, that all the materials found on the . 
plains were evidently derived from the mountains. 
It is not surprising that the Po,~ in its short passage 
from the mountains to the Adriatic, should have no 
5 tones on its bed different from those belonging to 
the mountains ; for such was the soil found by that 
river, when first it began to flow there. The plain 
of Piedmont owes its origin to a very considerable 
subsidence of the Surface; and its general aspect 
cannot be more accurately described than in M. de 
Saussure's words, § 1S05, in the very chapter, whence 
Mr. Playfair cites \ 1304. Having taken his sta- 
tion upon the hill of Supergue, (to which we shall 
presently come,) he says: " Beapath our feet lies 
>"ithe plain of Piedmont, and we see the Alpine 
€4r ridge terminating this plain, and towering above 

u it> as a lofty. wall rises above a garden This 

*' plain, watered by the Po, and the two Dorias, 

~" presents the finest and most luxuriant scenery 

" The mountain, on the summit of which stands the 

".chiirch of Supergue y wears an aspect equally inte- 

^ resting and diversified; it forms a part of an ex- 

* " : tensivqgrange of small mountains, air connected 

**? with each other, which collectively bear the name 

^ of the Hills oi Mont-Fe$rat.....The Hills of Aste- 

, " son compose another similar assemblage ; they run 

" at first in a direction nearly parallel with <fcose of 

. M Mont^Ferraty then-uniting with them on the north 

" side, they thus inclose a fine plain in the form of 

" a horse-shoe, open towards the south/' All these 

m % hills, 
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Wis, composed of sand and secondary Strata, ar$ 
4&e work of the sea, subsequently to the s^bsidenof 
whidh-ieft this future ^//w $o abrupt on one side, a*NJ 
the Aptmuncs on -the other. I mean to resume Jfc$ 
.consideration pf this interesting country, but i¥>t i*Qr 
til I shall have completed my remarks on the geuerajl 
object, since Mr. Player considers himself as hav- 
ing generalised all the phenomena which engsge^ur 
present attention. 

266. He had said in the passage last cited, " If 
* tf we ascribe to the mountains a magnitude and $)$- 
" vatfon vastly greater than that which they mw 
u posses; if we regard the vallies between tk$m& 
''♦cut out by *he rivers and torrents from an juumgHte 
4 ' i&mpart of solid rock, neither materials sufficiently 
" gissat, nor ageato sufficiently powerful, will appear 
-". to be wanting, for collecting bodies of gravel and 
" other loose materials, equal to any that are found 
" on the surface of the earth." In this roaoaer did 
.he think it poosible to account for the blocks of gra- 
nite found scattered on Jura, as well as for those 
^disseminated over the plains of Lomhardy. \We 
have seen in how many does pacts this ^explanation is 
-erroneous with regard to Jura; it would be found 
. equally unsatisfactory in its application %Jtambar- 
jdy ; .since, after what we learn from M. de Saaasure 
-of the Alps on that side,, it is impossible to suppose 
that there can ever have teeen an uniform dsdiwtj, 
.strntcifiag from tha cento*! point as for as tbose 
plains. But let jus examine the object tinder a wotb 
^general fioint q£ view, ' 
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96f. K the powerful agents suppdeed by M*. fb»F> 
fair were real, they should furnish some satisfeetory 
account of all the blacks of granite dispersed o*#r 
the surface of the earth ; and he ought especially *6 
be authorised by facts in his assertion, that " the 
"nearer any spot is to the mountains, the forger 
" are the gravel stones, and the less rounded is theft* 
figure ;" that, " as the distance increases, this gra* 
veL...ts covered with a thicker bed of ^arth or #£• 
get able soil" and that, "if this is not directly pr&- 
" porUonal to the distance which the stones have mi*- 
" grated from their native place, it may be said to 
^ be at least proportional to a oef tain functidn of 
" that distance." Such is the consequence of be- 
Mowing no kind of attention on facts irreconcileable 
ffcith preconceived nbtione. In my first- geologies! 
work, already known to Mr. Play&ir, and *n all my 
Subsequent writings, I have mentioned the blocks of 
granite, and other primitive stones, which are dis- 
seminated over various tracts in Germany. Accord- 
ing to Mr. Playfair, therefore, we ought to be able 
to trace these back to the mountains, and perceive 
them increase in size, as we should draw nearer to 
the sources whence they were derived. Bat I wiH 
here state the character of that great phenomenon, 
*£ it wiil appear in my Travels. Blocks of granite, 
porphyry, and oth&r stones of different kinds, are 
found accumulated in spots, where, according to M. 
Ait Saussure's expression, they ^-seem to have falkh 
"from the sky;" for they are surrounded by tracte 
in which few or none occur ; and the district where 
I have observed the largest, of about twenty ¥eet in 
diameter, is tfc*t wh^ch is the most remote from 

every 
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every granitic mountain ; — I mean the country of 
Holstei**. Can we expect the surface of the soil to 
discover to us any vestiges of the route pursued by 
these stones, when their heaps form as it were islands 
in tracts of land where none appear? Had Mr. 
Playfair at all noticed the foregoing incontrovertible 
fact, he could not possibly have maintained bis 
opinion ; he would have been aware that the hypo- 
thesis of long continued action is a mere play of the 
imagination when no traces of such action are dis- 
cernible in the phenomena to be explained* 

268. These striking and very general phenomena 
ought, I say, to silence all fanciful conjectures : I 
shall proceed, however, to mention two others, of 
the land called by Bacon instantue divortii, which 
directly tend to overthrow every erroneous hypothe- 
sis. The first of these again relates to blocks of 
granite. I observed it in a chain of mountains in 
Hesse, the highest part of which bears the name of 
Mesner, or lVeisner. There a bed of fossile peat 
occurs of considerable thickness, containing a great 
number of trunks, branches, and roots of trees, in 
the same manner as recent peat, but covered by ft 
great depth of stony strata, of the basaltic kind, 
and resting on a bed of limestone. All these strata 
have been subjected to violent catastrophes, and have 
suffered disruptions and partial subsidences, in which 
the bed of peat has participated. Thus a large val- 
ley has been formed, in one of the sides of which 
the bed of peat discovers its section at a certain 
height, while the strata descend on the side oppo- 
site. This is one oi the .phenomena, which, like 

that 
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that of beds of coal, I have ascribed to islands 
formed in consequence of the catastrophes happening 
at the bottom of the ancient sea ; island^ which, 
after having been covered with peat, did themselves 
subside below the level of the waters* where fresh 
strata were deposited on the peat, the greater part 
of which was mineralized into coal ; after which new 
catastrophes fractured and dislocated all the strata* 
Peat beds of the above kind . are worked in several 
places for the purpose of taking out the wood, the 
peat itself not being so good a fuel, and are entered 
upon where the section shows itself at the surface : 
but at Mount Meaner it has been found Necessary 
to penetrate through the inclined limestone strata, 
in order to arrive more easily at the peat When I 
had entered a considerable way into one of the gal- 
leries, several large blocks of granite were shown to 
me, which had been met with at the bottom of the 
peat, and left on the spot. Now can it be supposed 
that blocks, thus found under a covering of stony 
strata which had undergone the same catastrophes 
as all the others had suffered, were ever detached 
from granite mountains, to travel over the surface 
of our continents ? 

269* The other phenomenon is so much the more 
remarkable, as fragments of granite are not its ob- 
ject. My late friend Baron de Reden, Inspector 
general of the mines of Hartz, conducted me to the 
place which I am about to describe, in order that I 
might observe this phenomenon, weir known to him, 
as he had an estate in the same valley, belonging 
to the territory of Hildesheim. The mountains, 
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vftAtiti border this valley, consist of a calcareous 
stone ; its strata are thin, and but slightly indurated, 
presenting their section towards the valley, the 
breadth of which is considerable. He showed me, 
on the declivity of one of the sides of the valley, a 
rfttigfe of large insulated rocks, rising above the 
vtoods, and we went to examine some of them more 
closely. These are also composed of limestone, but 
itk strata are harder, and of greater thickness ; they 
contain marine bodies, but of a different kind from 
those in the strata of the mountain. These rocks 
are used as quarries ; and some of them having been 
entirely worked away, these immense masses have 
b6en fouftd to rest only upon the debris of the strata 
of the mountain, without adhering to it. In faQ, 
throughout all the country no regular stratum of this 
tftone has been found in its native place. Baron de 
Jteden was acquainted with my theory relative ft> 
blocks of granite and other primordial stones, ai 
published in my first geological work, and he had 
brought me to this valley for the express purpose of 
making me observe that the explanation which I 
had given was no less applicable to the secondary 
than to the primary strata; since it was evident that 
these enormous masses of calcareous stone could 
have proceeded only from below the surface, at the 
period of that catastrophe by which the valley wa# 
produced. We afterwards made an extensive cir* 
cuit in pursuit of blocks, in the course of which w* 
had the opportunity of observing marty interesting 
phenomena, which will be described in my travels. 

It 



It vri* k thk t**» thki tffe vktted' togeffiei- Mount 
Meshfer*. 

S7t>. Tftfe fcfess of phenomena has not a* $fct btfeft 
cbftgftfertif Wifli sufficient Atteiitibn, and for the rfe£* : 
soft already mentioned ; hamely, that ih c6ft*pa#h*g 
the scattered blocks ttrith the strata of rtotinfektf,- 
the gen frit ctaly, and riot the specks, hsftte hc?6ftr n©** 
tictd. The? calcareous ihasSes just <fefe6rifted dr6- 
as foreign from the ilature of the moufttfchfci cki thfr 1 
declivity of which they occur, fcs are the* ftagttieit& 
of grttnite on the declivity of Odon+TVhebmfroitt thtf 
steep rocks oil its summit, ahd the masses of lapif 
cildrts ih thfe valley of Chamoum from the rock^ 
dftdv*. When scattered masses shill be observed 
undfef thS particular point of view, instaftees wHV 
ffittftiply of this eifcumsfcahce in the geheVal £he* 
nomendn, stpd the erroneous opiniort which has pre- 
vailed concerning the origin of these masses will M 
ultimately Relinquished. I shall add but one mere* 
Example similar to the lait of these phenomena. 

271. One of niy nephews, whom I have had al-> 
feady occasion to mention, has applied very much 
to geological inquiries; and as 1 h&d communis 
eated to him an account of the circumstances ac- 
companying this valley in Hildesheim, he wrote t# 
ihe from Ireland, in 1795, that he had observed ifl 
the vicinity of Dublin a phenomenon of the sairf* 

•' This journey is one of those Which will be published onty 
in th# FwiKh editk>n. 

I kind. 
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kind. In constructing the aqueduct 9/ Kildare 1 h 
had been found necessary, at the distance of eight 
Irish miles on the west of Dublin, to form a com* 
munication between two hills, by an embankment 
about an hundred feet in height, the materials of 
which had been taken from one of those hills. These 
materials consist only of debris, among which there 
are rounded masses, from two to , six feet in dia- 
meter, of a calcareous stone very different from that 
of the strata of the hill, which are thin, and but 
slightly indurated. The stone of which the blocks 
are composed, belongs to strata of greater thick* 
ness ; it is very hard, and of a bluish colour. These 
blocks are broken for the purpose of making .lime, 
which is much better than that obtained from the 
strata of the hill. Some rocks of the same stone . 
appear at the surface in different parts of that dis- 
trict There are three on the east of Dublin; one 
near Rahenny, four miles from that city, another 
two miles farther, and the third at the distance of 
seven miles. They are worked for the lime, and 
the labourers told my nephew that there were no . 
others in the country; he saw one, however, at 
Slane> 24 miles to the north of Dublin. The thin 
external strata which prevail in those parts dip into 
the soil with an angle of from 30 to 40 degrees, 
being truncated at the surface in so strait a plane, 
as to excite my nephew's surprise : this appearance 
is observable, on several hills, but generally with less 
•regularity than in the present instance. Here then 
are evident marks of the catastrophes, which brought 
up to the surface these ruinous mosses $f the lowest 

strata, 



strata, the fragments of which were thus dispefsfed. 
Ireland furnishes another: phenomenon of the same 
class. In the northern part of the County of Clare, 
to the westward of the island, is a plain thickly in- 
terspersed with calcareous blocks, some of which 
are of an immense size ; they contain marine bodies, 
principally madrepores. This plain is terminated 
by a range of calcareous hills^ deeply intersected, 
and presenting towards it their abrupt fronts di- 
vided into different platforms. Here th^n are evi- 
dent vestiges of a depression, during which frag- 
ments of the subsiding strata were thrown up- 
wards. 

. 272. "Another consideration will bring us still 
nearer to the only possible cause of all these phe«* 
nomena, a cause to which they are referable under 
all their various forms : I had already developed it, 
on account of its great importance to the history of 
the earth, in my first geological work; but Mr. Play-* 
fair has passed it unnoticed like the rest. It appears 
that the catastrophes, which reduced our strata to 
heaps of ruins, must have acted for a longer space 
of time upon the hills and plains > in proportion as 
they are more depressed than the mountainous tracts; 
since on those depressed parts were accumulated 
in the greatest number the secondary strata of 
various kinds, themselves broken and dislocated, 
and covering the ruins of the primitive ; and there 
did repetitions of catastrophes continue to take place* 
until the final retreat of the sea from our continents, 
involving in these convulsions those, strata df sand, 

Y which 
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which fcte thus the ltaost covered with blocks ofdifc 
ferent kinds of stone, add in Which sea shells tte 
found ih st!*h A state of preservhtioh, as positive! 
forbids tis tfc suppose many ages to have elapsed,* 
since they wetfe abandoned by the waters of tite 
ocean. Another passage of Mr. Playfeirs wort 
will nf w lead us back to a tract of country already 
mentioned, which is very remarkable in this respect; 1 
and which I have repeatedly visited; I mean Ph&> 
mont and Lombartly: it consists, in great measure, 
of sand-hills, the strata of which participated in &e 
latest of the catastrophes undergone by the Slony 
strata. In these sand-hills are found marine shelly 
so well preserved, that they seem to have been re- 
cently taken from the sea, having retained their 
gloss and natural colour, much better than tifoa! 
which we see upon the coasts. Among others, I 
met with a large oyster, the hinge of which became 
soft when immersed in water ; and a large camd 
filled with sand, in which were several small sheHs d 
the same kind, but containing no sand, probably bfe^ 
cause they had elosed at the moment of this sudden 
catastrophe; and within these last I found the anfefifej 
still in a soft state. In another sand hill, some <rf 
the beds of which were hard and laminated, I found 
between the laminae leaves of different trees, such as 
oak, alder, and willow, which had contracted only 
a brown tint ; and they were intermixed with sea- 
shells. In the same tract of country, fossil stags 1 
horns have been discovered. These circumstances 
prove one of the islands of the ancient sea to havi 
existed theire, which, after having been Stocked with 
9 ' * animal? 
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tnimals and plants, subsided below the favel of the 
water. To this interesting theatre of revolutions, 
which forms an extensive tract between the Alp* and 
the Apennines, consisting of hills and plains, and 
stretching as far as the Adriatic, we shall be brought 
back by the fallowing passage of Mr. Playfkif, 
$544. 
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The supply of gravel and caillvux roulis, for 
the plains extended at the feet of primitive moun- 
tains, is doubtless in many cases much increased 
by the pudding-stone, interposed between the se- 
condary and the primary strata. The bed* of 
48 pudding-stone contain gravel already formed oh 
** the shores of continents, that ceased to exist be~ 

* fore the present were produced; and the cemetlt 

* of this gravel, yielding easily to the weathei*, 
" allows the stones included in it to be wathed 
" down by the torrents, and scattered ovpt the 
" plains. I know not if the hill of Supfcrg**, 
M above mentioned, is not in reality a mass of tte 
M puddhtg-stcme which tbrms the border of the Alp$, 
*< and of which the materials have suffered no ttam- 
4g portation since the time of their last «o»$oli- 
** datfon. This at least is certain, that $aottii&, 
" notwithstanding his accuracy, has sometimes con- 
** founded the hose gravel on the surface with that 
" which is consolidated into rock; an inaccuracy 
^ which is to be charged, as I have elsewhere ob J 
11 served, rather against his System than himaei£" 
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273. What is here said of M. de Saussure is 
really more applicable to Mr. Playfair, whose own 
system has prevented him from reading the work of 
that able naturalist with sufficient attention. We 
have already seen M. de Saussure's description of 
the hill of Supergue, which is separated from the 
Alps by a plain, and forms the first range of a vast 
assemblage of hills. Having measured its height 
with the barometer at the most elevated point, 
where stands the church of Supergue, I found it to 
be 1232 feet above the city of Turin, which is 
situated at its foot M. de Saussure informs us, 
§ 1304, that " the declivity of the mountaip, and 
" its top, are covered with gravel and other stones, 
" and even with blocks, of granite, porphyry, and 
" especially serpentine, the fragments of which last 
" are found in greater abundance and. variety than 
" those of the others." These phenomena he at- 
tributed to the debacle, or retreat pf the §ea from 
our continents; and they cannot certainly by any 
means be referred to the agency of the causes sup- 
posed by Mr. Playfair : M. de Saussure had a much 
more powerful agent in his debacle, although the 
present case is not one to which it can be applied: 
he had not had opportunities of seeing so many hills 
as I have visited, far remote from every mountain, 
and covered with a much greater quantity of blocks 
of granite and porphyry, than that of Supergue. 

« 

274. But the description given by so accurate an 
observer as M. de Saussure of the interior parts of 
the hill, should have removed all possibility of sup- 

pwiog 
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ffbsing it a mass of pudding stone; and from his ac- 
count Mr. Playfair might easily have collected the 
nature of the revolutions undergone by that part of 
the bed of the ancient sea, subsequently to the for- 
mat ion of tire secondary on the ruins of the primi- 
tive strata ; the shattered and dislocated masses of 
these latter, which then remained elevated above the 
rest, now constituting the Alps and Apennines. 
The following is M. de Saussure's description of the . 
hill of Supergue, " ■§ 1304 E. "The body of the 
" mountain is composed of alternate strata of sancF, 
" clajs and argillaceous limestone. The strata of 
" this stone are more solid towards the bottom thari 
" at the summit of the mountain. AH these strata, 
*' or at least the greater part of them, dip to thd 
" north ; their inclination varies ; in several placed 
" they form an angle of 45° ; but frequently they 
" are found less inclined." These characters should 
have pointed out to Mr. Playfair the effects of a 
catastrophe, which had shaken the whole mass of 
the strata from its lowest part. He has himself re- 
marked, in the passage which has been already 
cited in § 173, that " strata much inclined must 
u terminate abruptly where they oome up to the sur- 
" face" a circumstance, he says> denoting *? the 
ki violence with which they have been displaced" 
and the " angular movements' of the separated 
masses. Now this is exa&ly what has happened 
here ; the difference of those angular movements in 
the masses having occasioned the different inclina- 
tions of the strata, and thus produced a succession 
of eminences,' and in many places of abrupt sides, 
* v; discovering 
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discovering to us in their sections the variou* kinds, 
and several degrees of inclination, of strata which 
would have remained unknown, had they not by 
such means been brought to the surface. In con- 
sequence also of the same catastrophes, fragment! 
of the lowest strata have been thrown up exter* 
pally, as I shall presently explain. But let us firrt 
attend to the other characters of this hilL 

£75. Describing the contents of these 'strata, 
Jtf. de Saussure says: " The sand heda of the upper 
" part of the mountain contain a great quantity <rf 
u rounded fragments, but the calcareous strata of 
" the lower part ceaataio none; at least I could not 

" meet with any But I found the remains of 

" marine shells, particularly of the bivalve kind. 
«' I likewise observed shells of the same class in 
" some strata of this mountain, consisting of a 
" yellow agglutinated sand ; and among others 1 
44 found part of an oyster, which had retained all 
" the freshness and brilliancy of mother of pearl." 
The particular tendency of this last remark will soon 
appear. With regard to the strata of this hill, M. 
de Saussure, not having visited it so frequently as 
my brother and myself, had not observed a stratum, 
which evidently proves that its gravel had already 
existed at the bottom of the sea. . That stratum, 
which is much inclined, contains a great quantity of 
shells, univalves as well as bivalves, and consists 
only of small gravel and detritus of the serpentine 
stone. Now we found in it an oyster, adhering to 
one of the rounded pieces of that stone, in th$ same 

manner 
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as they- adhere *q otfceiv bodAa*?**nd<*wii 
sheH* of the species named in Eceaqh flrlpme* «d 
in X*l*n frvclm '*nmtm> because !th^,k*ad the*** 
selves tvith whatever swfrlji bodies th&y find & their 
way, geaeraily w^lfe -pieces o£ broken ahjellg/! buAdii 
those which wft h^re.^et with wefeattMfted email 
rounded frtegwaente ef serpentine. These .wima}* 
must thenefor^ h*y#7*xteted on ia grimily bottom 
iwhich -aftemorrtitJ buffered the cataatropi^s^-deapijf 
iropredsed on the hill itself. In another rhfllli, : roxnafcfr 
froia this last) and oentaiiw^ gritfvel pf different pri* 
mtwe stones, I also found *0me brecciaa, in whicfo 
to *rdtt.f$ in : the sand that suntounded tbaiq, tram* 
thott$ n*ece rijnhedded. In one of 4h£$fe masses I 
fbdnd^ u volute, the liwe and eoiourfe . oft tabieJi art 
eXtrewi*.lyweUipfe^Y!Ed.i!oiK; * : --...i .--•■»!! nv > 
»'..■;" • .» » i»;'- . v * ''»'[t bn/i x \\> :''» ■"♦»{! ..»■>■•.■ '• 
•*- : aft>.». These .ftcts are>deM#Wi#Htfh tawne atiaxgt 
ia jwy first geological work,: wimzh id ^nqwri to Mr, 
Fkyfauit , How then can fete isupptae Pi&hwmt odd 
fawtfjanty, intersected 94 tftey are wi&JpiUs ooropoaed 
<rf aac«dary strata, whieh We participated ,ta thfe 
esitastrophes common to ali; to tie cohere} withthe 
debris Of the -<4//tt carried down by .rivejrfe jggi tor- 
rents, when they cut out the vallias tin 4^ wi^ai 
mass of greater extent and elevation • tftapjta re- 
maro, vie. oar present Alps? The iftftwti* Q&$m& 
required for the promotion of such eff^qoyld «ot 
form ia his toiad ^ny^bjeetion ^gauwtjfr^;tfcftw,f; m 
w&cfe tgtis aire reekaned for nothiqg { tot m have 
0sct»in,these>v4ry oouaJbriee dirqc* ptfogfe: that «arijr 
«ges esuraftt 4**ve elapsed Mum th« set retiad from 
J them, 
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them, after having produced there secondary strata, 
which had themselves been subjected*!© great revo- 
lutions,' previously to its retreat Instead, therefore, 
of embracing the whole of M. de Saussure's descrip- 
tions, Mr. Play fair has dwelt oriy upon such of has 
remarks as he thinks favourable to his own system. 
No man was more intimately acquainted with the 
Alps, and even with the Apennines, thah M. de 
Saussure ; but his observations had not been carried 
sufficiently far in other countries, to enable him to 
correct some peculiar notions which he had formed 
respecting the effects of the debacle, or the necessary 
retreat of t fid sea, and of the first currents produced 
by rains. To these agents he ascribed the origin of 
the gravel and blocks that cover the low grounds be* 
fween those hills, through which run the Po f the 
Tanaro, the Sesia, and the Tesin, and on which he 
had observed the quantity of the loose soil to be 
greater in proportion to the distance from the Alps. 
Against my opinion on this subject he liad made an 
objection, a part of which only has been considered 
by Mr. Phtyfair. " I do not think " (he had 6aid) 
" with Mr. De Luc, that the little depth of the 
" vegetable mould can afford any proof of the small 
" antiquity of our globe." (This objection is ground* 
edon a mistake, which I shall presently point out; 
but Mr. Playfair has taken no notice of what imme- 
diately follows :) u Not that I differ from hirq in 
" the main upon this great question ; I have fre- 
" quently expressed myself to that effect ; but I con- 
" ceive that it must be decided by other argu- 
" ments." It is with this view that he adverts, as 

I have 
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I have done with respect to other shells, to the 
oyster found in such *fc high state of preservation iri 
the m'otfntain of Siipetfgue, Afrhich Mr. % Playfair wa$ 
disposed to take for one of those masses of puddings 
*tonc, formed on the Chores of the sea antecedently 
to the birth of our continents, at the same time that 
he ascVibes to the latter an antiquity without any 
assignable limit 

277. With respect to M. de Saussure's remark on 
the product of vegetation, it is evident that he con- 
founded the vegetable earth of which I spoke, wiro 
what I had called the terreau, or that part of the 
loose soil to which cultivation is extended. In the 
plains of Lombardy, ' as well as in other lands, this 
loose soil has little depth above the masses of stone 
which had constituted their surface when they werfe! 
first abandoned by the sea. In these plains the sur* 
face was levelled by the rivers, T^hich, before they 
were embanked, and while their waters were wan- 
dering over the whole of the low ground, deposited 
on it, as they retired into their bed, the small gravel 
and powdered materials which they had brought 
down with them, and of which the quantity con* 
tinued to increase to the end of their course, where 
they discharged themselves into the Adriatic. And 
so far were the plains of Lombardy from having 
J>een excavated by running waters, as, for instance, 
by the Po, that the sediments of this river have, in 
some places, where it has been embanked, raised its 
bed above the level of the adjacent lands. Of the 
soil thus formed in these plains, the surface, which 

is 
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is cirftivajtect is what I. haye called tk*T&r*4tt; 
but an or|gi^U loose aoilia.alw found Off $e fapUs, 
Vf which soqnetimea ft constitutes nearly &? wMe 
mass. J we^n^t therefore speaking of the r**T#W4, 
in the case considered by M. <de Sausstjre, as I b#d 
fully explained, but of the vegetable earth f that Wad* 
mould produced by the decomposition of vegetables, 
on soils that have remained uncultivated ever since 
the birth of our continents, a stratum always very 
distinct from the basis on which it has bepn formed; 
apd its accumulation may therefore traly:$erva as a 
Chronometer, r . . 
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. ^78. I (have dwelt at great Jengjth upon tfcis phfr 
nomenon of £/0cA», and gravel found disseminata} 
over the surface of . our continents ; but, if I b«4 
omitted these (Jetails, 50 just idea could have been 
formed of its importance in the history of the Earth. 
In order to remove long established pr^uxti^ee, ws 
must collect, , and exactly delineate, the filatures of 
the objects distorted through jtbeir medium. The 
first facts which I have adduced, vi?. tbe aocunqH 
lotions of fragments of every kind, that we dis- 
persed in maoy .parts of the eapth* adhere bo traee » 
found by which we can be direo^d towards any emj* 
nence, whence they may have proceeded jvove tte 
absolute impossibility of their having travelled ia 
any manner over the surface* whatever time .he al- 
lowed for such a migration. The last feots have 
served to establish the following important point : — 
that those parts of the primitive strata, which, during 
tb& great catastrophes, had sunk the lowest, aad on 

whiqh 
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which the greatest number of secondary strata trf 
different kinds were accumulated, were also .-tin* 
parts where the catastrophes were the most pro* 
longed ; and that the perfect preservation of the tea 
shells in the latest Qf these strata, which mostly coa* 
sist of sand, is among the number of fa€b of various 
kinds, which have convinced M. de Saussure, . as. 
tvell as myself, that the termination of these eft* 
tastrophes by the birth of our continents took place 
at a period of time not extremely retfiote. This cir- 
cumstance, therefore, directly deprives the advocates 
for the migration of stones over the surface of 4fer 
land of the resource of time for that operation, and 
necessarily leads us to conclude that they proceeded 
from the interior parts, during the course of those 
catastrophes, of which the preceding details hav* 
ascertained the characters. 

S79- It thus appears, conformably to what I stated 
when entering upon this subject, that the phenome- 
non of the stmy fragments scattered over our soiJk 
constitutes one of the principal geological monuM 
ments ; and is indeed so forcibly characteristic ot 
the causes which formerly acted upon our globe, 
that no theory, which does not, by direct inference 
from some of its fundamental propositions, explain 
this phenomenon, can be entitled to any confidence. 
It will not then excite surprise, that these scattered 
fragments of the strata have formed a chief object 
of inquiry with me in all my travels : and may I not 
hope that the facts, which it has cost me ao much 
time and labour to collect in various countries,. 

will 
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*ill be rfead, if not with thd design of verifying them 
on their respective spots, at least with that attention 
which the importance of the subject so justly claims? 
Indeed, from my earliest observation of this phe-^ 
nomenon, I remained convinced of its connexion 
with all those* which ascertain both the state of Oar 
continents at their birth, and the causes of that 
state. * . ' 

279- a* The first and most considerable trait of 
the original state of our continents, a trait now de~ 
tefinined with great precision, is that their whole 
mass consists only of the ruins of strata, which, 
from evident characters, must have been formed in 
& horizontal and continuous position at the bottom 
of the sea. This acknowledged fact having effec- 
tually excluded all those theories in which the birth 
of our continents had been ascribed to the operation 
of slow; causes of different kinds, has led to inquiries 
respecting the tfue cause to which these ftiins of 
marine strata owe their present elevation above the 
level of the sea. Now, on this point, as it has 
been shown, two theories only are admissible ; for 
either the bed of the sea has been raised throughout 
the whole extent occupied by our .continents, or 
other continents have subsided so low, that the sea 
has overflowed them, abandoning its ancient bed, 

280. And thus we have finally arrived at the most 
important question in geology, which we now pos- 
sess all necessary means of deciding. Lazzaro Moro, 
indeed, together with a few other naturalists, had, 

some 
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dome time ago, adopted the hypothesis of elevation; 
but geological knowledge had ,not then, been suffi- 
ciently advanced to bring the question to an ulti- 
mate decision. Some motive, not openly avowed, 
which has induced many to reject the theory of the 
change of the bed of the sea, as produced by the 
subsidence, of other continents, ha§ led to the revival 
of that of the elevation of our present continents, 
• It has been revived in Germany, as I have had, oc- 
casion to mention, by Dr. Schmieder ; but although 
this geologist is acquainted with some particulars of 
the state of our mineral strata, he is far from having 
such a knowledge of the subject as was possessed by 
.Dr. Hutton, whose theory, therefore, I have thought 
it necessary here to examine, having already pub- 
lished an answer to Dr. Schmieder in Germany, 
where his work appeared, 

« 

281. Among other important facts acknowledged 
by Dr. Hutton and Mr. Playfair, by which they 
have been led to greater circumspection in the for- 
mation of their theory, is the following : that the 
catastrophes which occasioned the present w r ell 
jtnown state of our mineral strata were frequently 
.repeated, and at such intervals of time, that new 
strata were formed on the ruins of the preceding, 
and themselves afterwards suffered many catastro- 
phes, wherein the strata which they had covered 
. participated, And although Dn* Hutton, not having 
extended his observations to a . sufficient number, of 
countries, had but an imperfect knowledge of this 
last circumstance; though be was unacquainted with 
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the variety of the phenomena which prove these c«* 
tastrophes to have been continued to a period of 
time not very distant from our own, yet anterior to 
tiie birth of our continents ; he was still * obliged, in 
order to account for some phenomena of that kind, 
Which he had observed in Great Britain, to have re- 
course to the hypothesis of alternate subsidente* 
during the intervals of more considerable elevations. 
Now this shows with increasing evidence the impos- 
sibility that a vaulted roof, such as our continents 
must in this case form, should not, at the period of 
tach of the fractures so frequently repeated, have 
opened a passage to the expansible fluids which had * 
raised it, and thus have fallen down again under the 
waters of the sea* These obvious consequences were, 
without doubt, perceived by Dr. Hutton, though he 
passed them over in silence; and by them he was 
probably induced to cement with melted granite the 
inner part of this continental roof. But, besides that 
granite is evidently disposed in strata like other 
mineral substances, and that these strata have 
undergone the same catastrophes which have been 
suffered by the rest, this hypothesis precludes, as 
we have seen, the ascent of lavas in the interior 
parts of the continents; an ascent which is, how- 
ever, an undoubted fact. 

282. Lastly, the phenomenon of the stones scat- 
tered over the surface of our land furnishes us with 
a new criterion, by which the two rival theories may 
Ve tried. In that of elevation, it could not i>e sup- 
posed that these fragments had been throwirttp from 

within 
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witKiri foy the explosions of expansible' fluids; for the 
liberation of these fluids formed the most direct ob- 
jection against this' theory. After attempting therefore 
to obviate that objection by the means of melted 
granite, it was necessary to assume, as had been done 
in mdst of the preceding theories, that these frag* 
merits had been propelted by rivers and torrents atonj 
the surface of the already existing continents To 
this opinion t had in particular opposed the valtfe* 
apd chains of mountains, intervening between many 
spots on which these blocks are found, and every 
eminence of their particular class. This has been 
one of the reasons for supposing the chains of moun- 
tains, and the vallies separating them, to have been 
$ o formed by the running of water since the birth of 
our continent* ; an hypothesis, however, as contrary 
to the theory of elevation, as to that of subsidence ;' 
since in both, the vallies are to be considered a* 
resulting from the angular movements of the very 
masses which constitute our present chains of moun- 
tains. But when Dr. Hutton and Mr. Playfair had 
recourse to their hypothesis on the action of run* 
ning water, they thought only of the fragments of 
granite mentioned by M." de Sanssure ad lying 
scattered over Jura and the plains of Lombardy 4 
now, from the details into which I have entered re- . 
specting the grand phenomenon of scattered blocks, 
I have shown, that, admitting that hypothesis to 
account for the particular instances in view, which, 
as has been seen, is for from being the case, it it 
still by no means applicable to the multitude of 
blocks of a great variety of tfones, found dispersed 

over 
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over so many hills and plains at a consideraWs dis- 
tance from e very mountain, without any trace of the 
track which they might have pursued. 

283. This phenomenon, therefore, forms, as I have 
said, a new criterion of the two theories which alone 
remain for the explanation of the origin of our con- 
tinents ; at the same time that the decision between 
these theories must determine what judgment we 
should form as to the nature of the operations w hich 
took place on the globe antecedently to that period. 
In the theory of elevation, according to which the 
strata must have acquired their present ruinous 
state during the very operation which produced the 
continents, (a circumstance alone sufficient to over- 
turn the system,) the dispersion of the blocks can- 
not be accounted for : this, I think, has been abun- 
dantly made to appear. In the theory of subsidence^ 
on the contrary, according to which the disordered 
state of the mineral strata was produced at the 
bottom of the sea, previously to its retreat, this 
event having been occasioned by the subsidence of 
other continents, the great phenomenon here in view 
is easily explained in all its circumstances; as I 
sh^ll now proceed to show. 

284. The caverns, from the formation of which 
have arisen all the catastrophes suffered by our mi- 
neral strata, must necessarily have been filled with 
expansible fluids, were it only with common atmos- 
pheric air. Let us consider the enormous pressure 
energised upon these fluids by the subsidence of 

masses 
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masses of such magnitude, that those remaining at 
the highest level have produced mountains by their 
angular movements, down to their lowest strata. 
Now as it was only through the intervals of these 
disunited masses that tfre compressed fluids could 
escape, they must have rufched out with an unparal- 
leled impetuosity. Here th^n is a "force" of which 
we may form a sufficient idea without comparing it; 
" with that which projected the planets in their or* 
" bits" It is the same in its nature, though far su- 
perior in degree, with the force which raises lavas to 
the summits of the volcahos of the Andes, and by 
which Dr. Hutton himself remarks that "rocks of 

<c an enormous size are projected some miles into 

" the air:" an effect which was observed during the 
formation of Monte Nuovo near Naples. Nor is 
heat requisite for the production of this effect; for 
with respect to these phenomena, its agency is con- 
fined to the production of the expansible fluids, 
which become dense, only in proportion to the re- 
sistance of the columns of melted matters, which 
they force up, and through which they sometimes 
find their way. Heat, therefore, must be a very in-* 
considerable cause of density in the fluids, and of 
consequent violence in their escape, in comparison 
with the pressure of those enormous masses, which 
could not reach the bottom of the caverns, without 
driving out these fluids through the intervals which 
separated them ; and the increased resistance, which 
the fluids encountered from the sides of such masses 
as afforded the narrowest spaces for their escape, 
contributed to the angular movements pf those mas- 

Z r - ses. 



A 



- 358 

ses, during the subsidence of others that were inter- 
mediate, to a greater depth. By this force, there- 
fore, which nothing that toas detached and loose 
could possiblv resist, the fragments, broken off by 
t&e collision of the lower parts of the strata, were 
thrown up to the Surface, in the manner of bombs,, 
notwithstanding the resistance of the water, under 
which these explosions took place. I have mentioned 
the collision of the masses as chiefly produced in the 
lowest strata : and this will lead to an important re- 
mark. 

28^. It is long since mineralogists, observing the 
relation which granite bears to other strata in their 
respective associations, have judged that it must 
have originally extended under all those strata, to- 
gether with the mineral substances considered as 
contemporary with it, viz. porphyry, pure quartz, 
arid gneiss, which, when associated with schistus, 
are found beneath it ; and hence, undoubtedly, w$s 
Or. Ilutton induced to employ granite in a melted 
state, as a cement for the vaulted rcjof of his cpnti- 
nents. This circumstance will explain to u§ why 
most of the blocks dispersed oyer the surface, are 
of granite and other substances of the sarrje class ; 
for, as I have remarked, the collision of the masses 
during their angular movements must principally 
have affected the inferior strata. Now here we meet 
with one of those unexpected verifications, which 
characterise a true theory. The heaps of blocks : 
found ih the same places are composed of very dif- 
ferent kinds of granite, because similar differences 

occur 



occur with regard to the strata of gr&ftiifc wftieh lie 
incumbent on each other. This we may observe' ft 
granitic mountains, either in vertical sections, whert* 
the strata have nearly preserved their horizontal pd*> 
•ition ; or in a horizontal succession, where they aafe 
become vertical or highly inclined. M. de Saussurtf, 
when developing his great proof of the stratification 
ef granite, ha9 remarked this circumstance in th£ 
Aiguille du Midi, the vertical strata of which' eXhfc 
bit granite, granitelle, veined granite, and othdt 
stones of the same class ; an expression which im^ 
plies genera, comprehending different species. Th£ 
collection of facts of this kind will increase, ill pro- 
portion to the attention which shall be given 16 
mountains. Thus, M. Pfaff, Professor of Philo* 
soph y at Kiel, who, being a native of Wirtemberg\ 
is thoroughly acquainted with the mountains of the 
Black Forest, the ruinous state of which I have my- 
self observed, informed me, some time ago, that^ 
in passing over an horizontal tract of that country; 
a league or two in extent, where the strata w£W 
nearly vertical^ he had observed as- great a variety 
in the species of granite as occurs among the blocks 
disseminated over the hills of Holstein i and the 
taeighbouring borders of the Baltic; countries, how- 
ever, which are situated at a considerable distance 
from every grtmitic mountain, and of which I* stiall 
give a description in my Travels^ 

286. Such then beingthe nature of granite, which; 
in many places, is found- associated with porphyry) 
gneiss, and pure quart*, or atternatiflg with them 
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through mountainous tracts of great extent, we can 
60 longer be surprised at the variety of the genera 
and species of the fragments, which, during the sub- 
sidence of the large masses of strata, were thrown 
up to the surface by the expansible fluids, in spots 
where no strata similar to them are observed, because 
those from which they weredetache< \ are covered by 
.otters to a considerable depth. Now I have already 
remarked that this phenomenon is not confined to. 
granite and porphyry, but that blocks are met with 
of a great variety pf other strata, and even of grit 
and sandstone ; and when naturalists, relinquishing 
the inadmissible idea of a transportation of materi- 
als by running waters, shall form local lithologies, 
as M. de Saussure has done in many places, the 
surface of the soil will become much more interest- 
ing; since it will serve, in a great measure, to dis- 
close to us the internal parts of oar continents. Thus 
is opened a new field of observation, of which I 
have been able to' trace the outline only; but enough 
has been said to show that a considerable knowledge 
of the mineral strata may be obtained, by ascertain- 
ing, frqm external characters, what lies at a great 
depth below the surface. 

s '- 

287. Lastly, we are fee consider the effeets pro- 
duced by water itself in the course of the revolutions 
which took place at the bottom of the sea.. At the 
time that the expansible fluids were driven outwards 
with violence, the water was*- impelled' by its own 
weight to pass inwards through the same openings. 
We may therefore . readily conceive the tremendous 

conflict 




341 . 

conflict which ensued between these two forces, and 
how the fragments of roc k r which they both encoun-* 
tered in their passage, tilust, by their opposite ac- 
% tion, have been fractured and ground against each 
other, during that violent agitation. Meantihiley 
during the slow descent of the great masses, a large 
quantity of water made its way through their inters 
yals ; but,, when they reached the bottom of the ca^* 
verns, they, of necessity, drove out thence a con- 
siderable part of that water, .which- must have burst 
forth in toxtients at the bottom of the sea. If then 
we represent to ourselves the combined effects of 
these successive absorptions and disgorgements .. of 
the liquid, and of the trituration of the fragments, 
first during that conflict, and then in consequence -of 
the excessive agitation of the water which resulted 
from it at the bottom of the sea, we shall hoif be at 
any loss for a. cause adequate to the dispersion of 
gravel or rounded stones over the surface of our pre* 
sent land ; a cause of which neither .the operations 
of running waters: upon our continents^ nor the ac^ 
tion of waves. upon their shores, can have ;pver sug? 
gested the least idea to. those who have observed thjrf 
phenomenon with due attention,. . r ■. ■ -% 
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288. I have thus taken a general survey of thd 
most important geological monuments; .and it is 
evident that, unless we view tliem in- all their -eon* 
nexions, nothing but vain conjectures can be formed 
respecting the history of the earth. I hopp that I 
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have made them intelligible, whether considered in 
themselves* or in reference to that history, even to 
those who have not as yet applied themselves to the 
•tody of geology- When, however, a general idea 
of the subject shall have been formed from a first 
pencil of this Tmtise, h will he necessary fir& 
qu&atly to return to so spacious a field of investiga* 
tkm, and attentively to consider every part But* 
above ail, those whs devote themselves to the pur* 
suit of the physic*! sciences mast learn to seek after 
and abide by facts- ataos; rejecting that imperfect 
and superficial knowledge which givea riae to end- 
less, hypotheses and which haa been productive Jrf stf 
vsuch ennor an a subject equally important lb all 

» 

aa» I eoiriA nob base. determhiBd ttesrpfinB* 
meua with the same evidence^ noo so ctearfy hwe 
pointed; out then? contrarian with the history* of our 
globe* h?d £ not gtwca as* exposttknt o£ tbesevfcral 
epiniaisienteetained ty geologists ameencringf thena 
instead of- dscetting on gystema formerly oetefoated} 
1|ub now nearly; abandoned in. consequence. «£ the 
errors acknowledged to be contained hi them;. I haw 
fixed on that theory, in which a greater number of 
ancient errors have beer* avoided than in any other, 
which contains important truths, and has been 
fcrmed and illustrated by tiro* men o£ getiiusc and 
niuch information, with considerable; detail, aid) * 
great display, of methodical inquiry. Having thus 
set theexample of sincerely/ courting; discussion upon 
essential points, It ente&ain;* bop& thafcthose,' who 

may 



us 

may think my opinions erroneous, and particularly 
Mr. Playfair, will no longer avoid such discussion ; 
since it is only by fully entering upon it, that the 
road which leads to real science can be shortened. • 



5290. If the course of the preceding investigations 
has been attentively followed, it will have been found 
that they contain nothing foreign from the subjects 
announced in the title of this Dissertation; namely, 
the state of our continents at their birth, and the 
time which has eldpsed since that period. To these 
two points must every geological monument be re-r 
ferred ; for it is only a knowledge of the original 
state pf our continents, together with the study of 
general physical causes, that can afford the means of 
ascertaining the cause to which they owed thqir birth; 
and an acquaintance with this state, and wfth the 
causes, which are now operating, and must have/ 
operated, on our continents,, since they have begun 
to exist, leads to the determination of their age : 
while all these collectively open the only road to the 
- knowledge ot the physical events which succeeded 
each other upon the globe before the great epoch 
whence the present abode of mankind derives its 
date. Such is the extensive field over which I have 
passed; and I shall now proceed to collect, under 
one view, the several poiilfs which I have, as I thinly 
established on a permanent foundation; as, notwith- 
standing tfre length of time and the attention that 1 
pave bestowed upon the subject, I have found nQ- 
jtbing, either in nature, or in the works of natural- 
ists, 



j 



344 

ists, which does not tend to strengthen and confirm 
them. 

I. Our continents, at their birth, that is, when 
they were abandoned by the sea, consisted of the 
ruins of those mineral strata, which, as far as we 
have been able to penetrate under the surface, com- 
pose their whole mass. 

II. This change of relative level between the 
continents and the sea, was not produced by their 
elevation, but by the subsidence of pre-existing con- 
tinents, over which the sea immediately- flowed. 

III. The ruinous state of the strata composing 
our continents was not, therefore, an effect of the 
revolution which gave birth to the latter, as is sup- 
posed in the theory of elevation ; it resulted from 
successive catastrophes undergone by the strata dur- 
ing the very period of their formation, by chemical 
precipitations, at the bottom of the sea ; and these 
patastrophes were occasioned by the caxerns formed 
beneath them. 

IV. The cavities of lakes, the rallies among 
mountains and hills, the abrupt and shattered; Jam 
which those eminences present to the plains, existed 
on our continents at the period of their birth; having 
been immediate effects of those catastrophes, which 
had reduced to heaps of ruins the mass of strata 
that afterwards became our continents. A succes- 
sion 
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sion of such catastrophes was continued, till those 
continents were abandoned by the sea ; and since 
that epoch, all the operations produced on them by 
the combined action of atmospherical causes, gravi- 
ty, and running waters, have tended only to oblite- 
rate those original characters, by reducing the abrupt 
faces into gradual slopes, by softening down the as- 
perities of the hills, by raising, instead of excavat- 
ing, the beds of vallies, and by filling up the cavi- . 
ties of lakes. The present race of men, however, 
may still, for the use of future generations, define 
these original characters, from what remains of them 
in every kind, and may point out the process by 
which their gradual obliteration is yet carrying on. 

V. The gravels and blocks of stone found scattered 
in such large quantities on the surface of our conti- 
nents, nay, even those observed in the beds of rivers ' 
flowing in plains, were not deposited there by the 
operations of running waters, these blocks and gra- 
vels being also among the original characters of our 
continents. The gravel composed of JUnts is de- 
rived from the decomposition of great masses of 
chalk strata, at some period considerably subsequent 
to their formation, yet while they were still covered 
by the sea ; the flints only remaining as we now find 
them. The gravels formed by the attrition of frag- 
ments of the strata, as well as the blocks of the same 
stones, were projected from the interior of the globe 
by the expansible fluids, during the subsidence of 
the strata, and disseminated over the bottom of the 
«ea b^ the agitation of the water. 

-: -■ , -' ; ■ VI. The 
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Vt. llie baked afid precipitous cliffs which bor- 
der some of the coasts are not to be ascribed to the 
dctibn of the sea. No such action could have pro* 
diiced abrupt sections on thfe coasts, where none had 
at fitst existed. Thfey arb original characters of 
6ur tontiftents, resultihg from disruptions of the 
strata, at the period of the vast subsidence whicK 
produced the new basin of the sea; the action of 
itfhich directly tends, on the contrary, to obliterate 
those characters, by forming strands at the feet of 
the cliffs; Which strands, when sufficiently raised and 
Extended, permit the steep faces to be reduced by 
degradation into slopes. 

VII. Neither the materials conveyed by rivers to 
the sea, nor* thos6 detached from the steep coasts by 
waves, are transported to any distance €t along the 
{i skcteing bottom' of the ocean ; the waVes and the 
tideg throw them back upon the coasts, antf even 
bring 1 up the sand from the bottom, wherever th^y 
Caii reach it ; so that they defeperi this Bottom, and 
propel both sand arid gravel towards the beach, un? 
til flie Tatter has acquired that degree of declivity, 
which enables the waters, in retreating, to carry back 
with them flie^riew materials wliich they have brought 
up in rolling toward the shore. In this' manner is 
fcrnicd one - of those kinds of low lands whigh axe 
found along the coasts, 

\ IlL The sedirfiehts of rivers', botft at", thfeir 
mouths' arid aloriii their course, were* at first const- 
derablQin their quantify, arid were mixed witfr large 
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fragment* ; a$ well on accouiit of the rtrifrons state 
of the surface, which placed an abundance of mate-, 
rkla in the way of the running waters, as in conse- 
quence of the operations carried on by their streams 
in excavating and straitening their channels in loose 
Soils. But these transportations of large materials 
w&re .gradually diminished, proportionally to thg 
progress of vegetation on the surface when its aspe- 
rities were softened, and to the restriction of rivfcrt 
within fixed beds; so that what their waters notf 
deposite* either along their course, or at their mouths, 
amounts to little else than mire. Our alluvial landsf 
are formed by these sediments of rivers along tlieiif 
coiirse ; those which reach the sea contributing to 
«he formation of the new lands f by which our con- 
tinents are extended. 

IX. $inee flief birth of our continents, the level 
tf tht tea has not changed, eithe/ absolutely, or in 
relation to the Hand ; for all rteW lands, which every- 
where* may be easily distinguished fttitri the original 
soast; are perfectly horizontal, excepting where they 
have suffered partM dfepressions behind difres ; and 
tfceir level has' been determined* by the largest waves 
aft the highest tides. This is an evident proof that 
ihe bfirtb of our continents was the* effect of a single 
itevcihitfoi*, the continuance of which was so short, 
tfeat it. lfeft no traces df gradual progress, at thbse 
|Wfet» where* the new landf comes into contact with 
tfte* cfrighfal soil. . 
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X. Lastly, all the operations, -which have had a 
tendency to alt&r the original form of our continents^ 
must have commenced at the epoch of their birth. 
The several causes of these operations are known to 
us, for we still behold them at work ; and by study- 
ing them with sufficient care we may easily ascertain; 
all that has t>een effected by them in every spot. In 
many places we may even trace what each cause ha% 
operated within certain known periods of time*; & 
circumstance «vhich supplies us with chronometers of 
different kinds, air independent of one another; and 
all these chronometers agree in attesting that the age 
of our continents cannot exceed 4000 years. TWs ; 
fact at once overturns all the fabulous chronologies 
of several of the pagan nations ; and thus are also 
subverted all the geological systems by which at- 
tempts have been made to support these fables. " It 
" has been. deemed an act of courage, and a laudable 
" proof of freedom from prejudice" observed M* de 
Dolomieu, who was himself in some degree under the 
influence of prejudice, " to go beyond others in mul- 
r ' tiplying the number of the ages which have elapsed 
" siace our continents have been yielded to the ia- 
" dustry of man- Fearless of ridicule, and not dread* 
" ing theTciad of disgrace incurred by those who do 
" not subscribe to such fanciful and exaggerated 
" opinions, I may hereafter publish a work, in which; 
u I shall combine historical monuments with geologi- 
'" cat observations^ for the purpose of proving, that* 
" if we allow 10,000 years to have passfed away sincQ 
" the tin\e when our continents became or w^re again 
lt rendered habitable, we may even then perhaps go 

" beyond 
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v beyond the truth/ 1 (Journ. de Phys. Janvier, 
1792.)" I* was to the same purpose that M. de 
Dolomieu expressed himself likewise in his Mimoire 
wr les pierrcs composies et sur les roches, already* 
quoted on this subject, § 90. But he was himself se- 
duced by that very opinion, which, as he said, had led 
so maiiy naturalists to vie with each other " in mul- 
" tiplying the number of the ages which haweelapsed" 
-since the globe has attained its present state : thi* 
Appeared both when he allowed 10,000 years for 
that period, though conscious that such an assump- 
tion might exceed the truth; and when, instead of 
comparing with the theory of subsidence the disorder 
which he observed to prevail throughout the mineral 

* strata, he had recourse to some external shock to 
account for their fracture and dislocation, and to- 
some planetary influence for the purpose of raising 
tides to the height of 800 toises. (Journal de Phys. 
Nov. '17910 At the time when I first became ac- 
quainted with him at Paris, in 1782, I had not ar- 

• rived at that degree of information which I have since 
acquired ; but if circumstances had again brought 
us together, as we mutually wished, after we had 
respectively added to the stock of our observation* 
and experiments, of various kinds, I entertain little 
doubt that he would have acquiesced in ail the con- 
clusions of which I have here given & summary* 

291. These conclusions, deduced from the objects 
whioh have been treated of in this Dissertation, con-* 
tain also, as I remarked when stating its general 
subject, the only true data respecting the events 
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-which succeeded each other on our globe, previously 
to the birth of our continents. I call them def<t, 
inasmuch as they result from tlie direct consequences 
of what has been proved respecting the preceding 
points; and I shall tare subjoin them. 

I. All our mineral strata were successively pro- 
duced by chemical precipitations from a primordial 

II. From the first precipitations, which constitute 
the most ancient monument of physical operation*, 
and beyond which our observations do not carry us, 
proceeded the strata of granite and other kindred 
substances. 

III. During the long continued precipitations of 
different genera and species, the strata thus pro- 
duced underwent a series of catastrophes, original? 
ing in the successive formation of cavities beneath 
their mass, in consequence of the infiltration of tta 
liquid into the interior parte of the globe ; honee ate 
insulted a cause of successive changes, in the. natute 
Ojf the precipitations. 

IV. While many of these operation* were going 
on at the bottom of the sea, and subsequently: to the 
formation of granite and other primardiary strata^ 
tjiere existed other continents stocked with animals 
and vegetables. For, although, our continent^ 
through their whole extent, muetevktentiy have been 
occupied by the. sea until the* epoch off its retreat, 

1 we 



we find, both in their inland parts, and on their boF T 
ders, the remains of terrestrial animals apid vegeta- 
bles, in strata posterior to the primordial. 

V. Those vegetables and animals, of.w^ch \vfc 
find the remains imbedded in these mftrin^ strata* 
had therefore originally existed in islands suvroqpdecj:' 
fry the sea, and formed by the disrtiptioji of long 
peninsulas^, tbe result of prior revolutions; during 
which, a portion of the liquid being absorbed intq 
the interior parts of the globe, had left uncovered 
those eminences which had been produced a$ its 
bottom. Several of these eminences, alre$<jly stocked 
with plants and animals, but separated from ea,ci* 
other by preceding catastrophes, underwent npw car 
tastrophes by simple subsidence,' which reduced them 
below the level of the sea,; whjpre the (/e£m o£ th$ 
organised bodies remaining on them were covered b$ 
marine strata^ some of which were consolidated, 
and others remained soft. Lastly, in consequence 
of fresh convulsions, which still continued to a|^ct 
the whole mass from its base, these new strata suf- 
fered depressions, fractures, apd angular movements, 
li£e alj.the former;, a circumstance which character- 
ises the theatre of these seepes, 

VL The retreat of th$ sea from these p*rts. of tli« 

globe was prodfiqed by th$ subsidence of those contir 

nenter whence the vegetables and, animals q£ the 

i^nds had proceeded ; , and somp of the islands, 

which still existed in different parts of the ancient 

sea, having be&ome the spmnjitsof the inountajiw 

of 
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of the new continents, were the principal source of 
their vegetables and animals. 

292. In treating the several objects of this Dis- 
sertation! I have not enlarged on these last points, 
as I have had no view but to show in what manner 
they are deducible from those which I have fully 
established ; neither have I considered the physical 
causes connected with them, otherwise than in a ge- 
neral light ; because the whole of my geological 
system is contained in the work which has been al- 
ready mentioned, viz. my* Lettres sur rHistoire 
Physique de la Terre, addressed* to Professor Blu- 
menbach, Paris edit. 1798. This is a system of 
which the object is so comprehensive, and the parts, 
.though reciprocally connected, require such a diver- 
sity of proofs* that, if I had entered into particu- 
lars respecting all the proofs of every proposition, 
the reader might easily have lost sight of those points 
which had been successively established, as well as 
of the mutual relations subsisting between them. 

293. I have therefore preferred stating the whole 
system at present in the manner which I have here 
adopted ; a plan which I had been already obliged 
to follow in my Letters to Professor Blurnenbach; 
because the proofs of the several propositions are of 
different natures. With respect to the operations 
which took place on the globe, previously to the birth 
of our continents, necessarily connected with the 
monuments remaining of the causes which acted da- 
ring that period, the inquiry depended in great part 

on 
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on experimental philosophy, and especially on che- 
mistry. But certain fundamental and necessary 
points in these sciences, furnished by the advances 
made in some of their principal branches, could not 
be treated with advantage but by entering into nu- 
merous details. I therefore introduced theni only 
under the form of propositions, the proofs of which 
I engaged to give in a future work ; and this engage- 
ment I afterwards fulfilled in two works published at 

. Paris; one in 1803, under the title of Introduction 
a la Physique terrestre par les Fluides etpansibles, 

. the other in ] 804, under that of Traiti tlementaire 
sur le fluide Elect ro-galvanique. 

294. Another part of the subject consisted in as* 
Certaining what those monuments were, the causes of 
which were to be assigned; and this depended on an 
exact determination of two connected points; first, 
the present state of our continents, and next, the 
real actions of physical causes on them ; in order to 

. fix with certainty what was the state of these conti- 
nents at their birth ; which state must necessarily 
rhave resulted from the action of antecedent causes. 

295. These are the objects which I have at pre- 
sent resumed ; but, on account of their extent, I have 
been obliged to divide this subject also into two 
parts; the first, which has been treated in this work, 
has consisted in bringing forward all the greert geo- 
logical questions in a form that submits them to the 
decision of determined facts, here pointed out in ge- 
neral terms: and if these are true generalizations 

A a of 
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of the phenomena of nature, they iaust be-decisivt of 
the above questions. The proofe, therefore, of these 
generalizations are all that is remaining for roe to 
produce ; and they will he found in the account of 
my Travels, which will thus complete my plan. 

296. In order to establish this general theory, it 
wfl{s sufficient to refer to such general phenomena of 
our coutinents, as clearly manifest the effects of past 
causes ; and the highest mountains, particularly the 
Alps, have chiefly supplied me with those phenome- 
na, where they have more simple characters, and 
are less remote from their origin. There we first 
observe the schisti y as having succeeded to the gra- 
jnite and other contemporary strata, but evidently 
after catastrophes, which, in various places, have 
'separated those two classes, by the interposition of 
prcccias containing fragments of the earliest class. 
*Jo the schisti succeed the most ancient of the caica-. 
*reoiis strata, inclosing the remains of marine animals? 
% bat these also were produced after catastrophes, in 
^consequence of which the primordial strata having 
their surface strewed with their fragments, breccias 
were again formed of them, by which, in several 
'places, those" strata arc separated from the first of 
the calcareous kinds. To tliese last succeed other 
^calcareous strata of different species, folhhved fey 
those of sandstone ; still however with intermediate 
breccias, each involving fragments df the anterior 
strata, and indicating catastrophes previous to every 
'change in the precipitatiom. ATI these alternations 
v are observable in the Alps, and in the adjacent 

tracts, 



iracts, guid have fceen (^^ilN^divithgrieat acyuiracjr 
fcy M. 4e S^s&ure : they likewise occur, wijh soi#9 
differences, in othfer phainS of piduntaiiis. The^ 
phjBgtPRieria w££e sufficient to lead to a general theory 
jcpspecjting ttvp ey^nts of Jhi$ loijg period, as jveu 
>as to ppipt om* thenB^GCeswye causes of these events j 
aad this was the principal object which £ frad ip 
view, -, 

297- But whe#- ftre pursue pvir observations oft 
extensive tracts of country, apd oft dijSGereajt x^pti- 
Bents, gre$t vojrieties acmr #} #>e successions jpf tb$ 
strata* T&s w.e might #a£gi:ally £spec{ jto bethf 
eaae in IfcOfle wide tracts -of hil^U »ap4 pl*io?> tvjtepj 
the catastrophe c^tf apgd during a logger period jo$ 
time, ^nd Itlie pFH^rdial .stra^ #fe knowg to ^^ 
©nly froqa the Wpqk$ #$4 % j0W??l# 0*' #*eir s $^4 
species wfeach wete thrown $x$wpx& ^PWg ifc <?fl* 
taatroptafc..0B4 ^ep*»&ti?4 *> v # $? $urf]ace by 
the action of ^he sfa; an£ w^re ^a&e^jueintly^ 

among the great Variety of strata produced by the 
tihgnges i$ tbe precipitatiqiis ^iter £ac,h c^tas^ophe, 
pljtha\# ip vwip^s coqptfft ^1W Wf^WW'tf 
tte strata a?# jfpjipd & jte ;$|W^j3!|fc-W _ 
##*t 4iffer£$w#$ mfts$ pe^^^y^cuii'jJ^i 

(jws^dferWble d^^n^j^ f #^ J^ifftiafcd ^pm% 

fagbnjftg' of those #p$r#^n& . fa. fjip famm* 

§$jSti#g Put from the fleatraj <«&ain of the Alp^ tow^gc^ 
$fc opposite &d$s of those ms^t^uftp,, t£? ^afe.jpp» 
fr$nd #ottip correspond; ftnd tfrat, W^fij&'fir' 
jpgigls It^ly, ; they 4e$cfH*d .n^i$& jaaoi^ #frv##> 

jbg* <** $ha* W^'^<^iV:^f^/^^A^^^ Tl?$p 

a as is 
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% is likewise much diflference irt the successions of the 
strata in various high chains of mountains, and 
in the lowest. In many places we meet with 
gneiss, porphyry, or the syenite of Werner, instead 
of granite ; this last, in other spots ? appears with* 
out the schlsti ; these again are found unaccom- 
panied by the more ancient calcareous strata ob- 
served in the Alps ; and the more recent calcareous 
strata are often without a covering 6f saudstcftie. 
These circumstances indicate that, from the "com-* 
mencement of the operations which we are enabled 
to trace back by means of geological phenomena, 
the chemical precipitations from the liquid originally 
encompassing the earth varied in different places, 
on account either of local differences in its compo- 
sition, before it was agitated by the tides, or of a 
difference in those parts of the glo»be itself over which 
it spread, after the elements which produced it had 
■been penetrated and liquefied by fire. 

• ^98. Oil this subject, the progress 'of observation 
•Will undoubtedly throw considerable light* For this 
purpose it wiM bertecessary to ascertain, ih several 
'countries, the succession,' dr fhfe different successions, 
of strata, of Variotfs genera and secies, Which are 
externally discovered,' their respective disruptions 
and inclinations, artd the different fragments of 
stones, whether in gravel or in blocks, Nvhich arc 
.'found disseminated over the surface, and clearfy in- 
dicate inferior strata. In a word, observations and 
descriptions, as exact as those which M* de Saussure 
has given us with respect to the chsin of the Alps, 

must 
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must he extended to other portions of the globe; 
and a similar study must be made of the less elevated 
mountains, of plains and hills, of the beds of rivers, 
of lakes, and of the sea shores, under all the dif- 
.ferent points of view which will be presented in .my 
Travels. Many interesting circumstances respecting 
these various objects of investigation are already 
collected in several valuable works ; as, for instance, 
in the descriptions of the northern part of Asia by 
Messrs., Pallas and Patkin ; and we may likewise 
expect some very important information, in regard 
to South America, from so zealous and enlightened a 
naturalist as M. H^m^oj-dt, 

>., 299. I have no doubt, that, in proportion as these 
observations shall be extended, it will be the more 
clearly understood, that our knowledge of the mineral 
strata is derived entirely /from the catastrophes which 
I have described ; as by them have been brought 
out on the surface, in so many parts pf our conti- 
nents, immense masses of strata, of different genera 
and species, which, without those revolutions, would 
for ever have remained concealed from us; being 
covered by other strata, which we should have had 
no motive of sufficient interest to dig through, to 
any considerable depths To those catastrophes, 
therefore, we are indebted for geology ; the study 
of their nature and effects has afforded us the first 
rudiments of this science; by them we have been 
enabled to ascertain the original state of the con- 
tintnts new. inhabited by /man, together with the 
time which has elapsed since they first came into 

existence; 
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exfetetice ; by tiwm *e pertehfe ifikt thfe >fcote 6ft- 
servable inasS of these cdittihttite rfratft hatfe been 
produced, urtdef tfre watetS of the tftfa, arid that, 
'during a particular period of its pr6dtictioft, 6th& 
continents existed, which Hive since dis#ppeare4 
frotn the surface of the gtdbe ; lastly, by them arid 
.by observation of the monuments of fiast effects, 
which they have thus brought irit6 our Vi6W, #e havfc 
fe$en .stimulated to deep researches hi terrestrial p^JS- 
Sics, and morei especially ih lrtiner-atogical di^nrfstty, 
whence the gertef ai cduSes of ih'ese effects have b^ 

disclosed. 

» ... 

300. Thus a grand and diversified field of obsen 
nation and reflection is opened to the activity of the 
human mind. And 1 trust that the yematk$, p 
Which I have been led hi the course of thfe dfcatesjoii, 
ttiay have made it appear that this subject is trot to 
|>e treated With levity, being otie which is ftoW be- 
come of such de*p importance to all mankind. I 

have shown this gredt truth moffc e&plifcitly in #ty 
Letters td Professor dfamentiach, th&n m the prt- 
eent work, p^ni<ttil3iHy dedicated fo&iS SditKCe iff 
Geology, Considered ih :ite6lf. ' ' ' ' 
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30 r. &fof-6 1 eioufe fhfr yohime, fc$ mtity 

pbjeefs whict* claiift irfy attfeMfoti, a8 bptimteA Wift 
|is. general subject ; the& af e StoiHe e*{^rite?ite ifladfe 
iy Sir ^ames HAtt, cotfsjdetfed iH)th't# hiftisetf 

and iy ofbtf pliifosdphetfi Itf Cbirfitfofo£]fr. %ttoiri$ 

hypothesis 
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hypothesis respecting the consolklatioo of the mineral 
strata by the heat of fusion; and Mr. Kjewan's 
work, entitled Geological Essays. 



Remarks on sortie Experiments of Sit James Ha it, 

302. It is well known that the most direct argu- 
ment agamst that patf t of Dr. Hutton's theory, tvhich 
supposes an excessive heat in the interior of the 
globe, is derived from the calcareous, strata^ which, 
if they had been subjected to a degree of heat ca- 
pable of calcining them, would have lost their JLred 
air, which, however, they iftam. This objection 
Dr. Huttofr attempted to remove, by means of an- 
other hypothesis j namely, that the pressure of the 
sujiterincumbent ocean had prevented the fixed air 
from escaping. Sir James Hall has thought to 
strengthen and confirm this hypothesis by a series of 
experiments, which are how sufficiently known to 
allow me to confine myself to a short account of the 
experiments themselves, and of their general re* 
puKs. 

303. fhe cttef of theie Experiments were made 
in gt*n barrel*, in the breech of which wal introduced 
* ftftaR china tube, half filled with calcareous pow- 
&*, welt rfcfmfted u> ; line other half of the tube was 
ffiedr With pouAded silek, in order to prevent the 
48JteMeou* iufotance from coming into contact with 
tRat, fey which the barrel was afterwards to be her- 
AfeffefeUy etoafiL Th» bet substance consisted of a 
.•■'••' mixture 
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mixture of lead, itin, and bismuth, which melted at 
a heat little above that of boiling water. \Vhen the 
barrel had been welded at the muzzle, the breech 
was introduced into a muffle, in order to make it 
undergo % a considerable heat. The part of the com- 
pound metal which was thus exposed to melt, by 
being nearest to the heated part, was kept separate 
from the china tube by confining within the barrel a 
small quantity of air, assisted by the vapour of a 
very small quantity of water ; but the rest of the 
metal continued in a- solid state. After the cal- 
careous matter had endured that degree of heat, and 
the barrel had been allowed to coqI, the fusible me- 
tal was entirely removed from it by the application 
of a moderate heat ; and the china tube was then 
taken out, for the purpose of examining, the cal- 
careous 'substance. Sir James , afterwards changed 
the form of his experiments, using only china tubes, 
and employing other means for closing -the part of 
these tubes which was not exposed to a great heat 

304. In the course of the years 1801, 1802, and 
and 1 803, Sir James Hall made a number of experi- 
ments, by the various methods which he more fully 
describes, amounting to 156; and the following are 
the general results, as stated by himselfc w In an 

*" operation so new constant success could not be 

" expected ; and in fact many experiments failed, 
" wholly or partially. The results, however, upon 
" the whole, -were satisfactory, since they seemed 
" to establish some of the essential points in this 
" inquiry. These experiments proved tfcaf; by me- 

" chanical 
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chanical constraint* the carbonate, of lime can be 
made to undergo strong beat, without calcination, 
and to retain almost the whole of its carbonic 
acid, which, in an open fire, at the same tem- 
perature, would have been entirely driven off..—. 
By tliis joint action of heat and pressure, the 
carbonate of. lime, which had been introduced 
in the state of the finest powder, is agglutinated 
into a firm mass, possessing a degree of hardness, 
compactness, and specific gravity, nearly ap- 
proaching to these qualities in a sound limestone ; 
and some of the results, by thfcir saline fracture, 
by their semi-transparency, and their suscepti- 
bility of polish, deserve the name of marble/' 



305. In order to determine the degree of resist- 
ance, which, in the course of these experiments, 
the fixed air and the aqueous vapour underwent 
at different degrees of heat, and their effects upon 
the calcareous matter, Sir James Hall produced the 
resistance, by means of moveable weights, in the 

. manner of the valves applied to the boiler of thp 
steam engine ; and the following are the principal 
results : That under a pressure equal to 52 atmos- 
pheres, or 1 700 feet of sea-water, heat is capable of 
changing a calcareous powder into a comtnon lime* 

. stone : That under that of 86 atmospheres, answer** 

: ing nearly to 3000 feet, or about half a mile, a com* 
plete marble may be formed : and lastly, That with 

. a pressure equal to 1 7{J atmospheres, or 5700 feet, 
that is, little more then one mile's depth of sea, 

the 
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' $0& Such is the substaAcfe of : Sir James HalFs 
espiriiitetfts; f fcriteftarri nO' doubt tespecting their 
Accuracy; and, in common with "all experimental 
^hilbsophete, t consider them hot orily ds manifest- 
ing muck geMutf and perseverfcrg ftidttsfr^,' : bftft as 
dfJeriirtg a new road in the im^'rtafttiiivest^a««m of 
fife various effects of fire, .undfer different eiiteum- 
; «tances, on the sifbstances Of out globe* " - But" arc 
-fhese experiments applicable 'to t)r. Hutfons hy- 
pothesis ? This is a very different queftiem, which 
I fhall now proceed to cxanime. 

507. The prresent case is entirely analogous to 
•ffcat of which I had treated in m^ Work, entitled 
** Idks ,wr Id Mtttorologie, § 558, & seq. published to 
London, in 1787. The case to which I aflude re- 
lated to the theory Of evaporation, which I had 
'stated in formfcr works, and which was as follows: 
'*' that its product, from the lowest temperature to 
$t the higheft, fe always of the same nature ; via. an 
* " expansiblejluid composed oifirt and i&dtet; having 
: * a specific grfroity teSs ftatt' thit of thfe air, afid 
* ix>As&fntM\f, as'sooft as it is formed, Baking with 
w ft tittaif, and rfeiflg rfi the atm&sphere." Ifc op£&- 
iiftoft to tfcfe iittoff ittere tfdWrt^d dxperfWW*s 
'ittiu&t uport t^ftrttt* v#pw tflKtef the prt&tiri of 
'ffite srtfntefftefc, n¥ fttefosetf ipWeS, wbett'ttdidM 
l 6^«c*W fti* pWfcsiirt oAfy by ft* tett^entturt of 
failing water. Messrs. Lavoisier & De la Place, 
in particular, urged some experiments which they 

M 
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Jiad made otf evapdrifbti at file tip]!** jfefrt of a 
Imrometer. * In4he$fe *rtperi*hmte, 7 the etijtoton&' '$&• 
four produced by a ftop <tf Wafw; ibovte' fhe ddftiSSh 
Of q[inctfilver, at flte tfemp^raturfe + JO of toy atfafti, 
{at)6ttt 54° of Fahiv)' depressed tha$ rcqlfcfrtri ohfy ha^f 
in ihch j Which imKeatfed, 1 as the* ttaxnwitoi iiHhtft 
t^fc&tiire, ah expansive forbe ^(Jail Ortly ^-ftte 
tifre&ute pf a cotamn of tfurdfcfeilVek* of &alf 'ito tt tK 
•Wheti thci prestetpfc was ftter*a*fed trf V#S?ng fife 
pdiitiiii of quickstfvW to ris£ kf the tube, fct'tftiDTife 
tfaMved'Withih fratf ifc indr of flte fo# fhetfdjfoto- 
Wgtfh to Jri0d'; atitJWhen thtf-'^luJtt'ftaclMldfittl, 
(h6 tap, Was Ag^i'edttced to a &6p tff ttaieir*. ■- 
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5(>8. Of this kmd ; werfe the ' e^petitti&rts tWiidi 
-rtfrfe tfdddeed a^tfrift my system ; it being fro* tftwh 
iifferWti, that, Smite the ijogboirt* ptd6\icG&bftL'WA-. 
perature lower than that of boiling water was M- 
tirely decomposed by the pressure of the atmosphere, 
^bmrtftn vmpotnlim fcotdd 1 ho* be" of the s&me tfttfare; 
■Mjfct md^'be, *§• mamtainW* by M. Le &>*, 
(whdtft Opinion had been adapted* by ttitf gfeater 
ftuffrbe^ of fki^S6^her*,) * &tsti&ih* df *a*ty- 
py <fcV*. 

S($. I replied, m a»e afeoVtatifeiflictated worfc, that 
'fhefee experiments had no eonrttexion with the ctefettf 
8bdporttHm hi 4ft*; as in then* the' whole prtssttPi bf 
the" utMtfdipheVe' wa# rtiatte ttf be$Jr' tern &te 1)dp0ttr 
alone; ty the mtefpbSfctott of & Mitetsttiee htyMtos 
Ttf ftV that, itt ftte tase, i^tfi^to^ttW foe fbtTfltett 
•Ori^y wfcfch the* &$& of te&ffitm iMdb fe tottfe?- 

Went 
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4?ent was pot superior to that of its own expansive 
force, always correspondent to. the density which can 
be produced by the actual temperature : That Uie 
laws of this correspondence of its densities with the 
temperatures were the same which determined the 
point of ebullition, and continued to prevail in the dif- 
. ferent degrees of heat of boiling toater under different 
pressures; because, the vapour being then to be 
.produced in the water itself, it could not be formed, 
unless it could also acquire suck density a* to enable 
it to overcome alone the pressure actually . exerted 
upon the water ; which necessarily required ,a cer- 
tain degree of heat: but that in open air, as soon as 
the particles of vapour were formed, they penetrated 
it, and were mixed with it, and thus supported no 
greater pressure than they were. capable of. resistiijg; 
.the rest of the pressure being sustained, by tbs air 
itself, 

■ » • - 
810. Such was my general reply to this objection; 
but, having resumed the whole subject of J£va- 
poration.in a Paper presented to the Royal So- 
ciety, and inserted in the Philosophical Transac- 
tions for 1792, 1 there fully stated the laws of aqueous 
vapour, beginning with the lowest temperatures, and 
proceeding to the highest degrees of heat of boiling 
water; and I proved, by direct experiments, that 
• these laws were the same both in air and in vacuo. 
This theory has hitherto remained unanswered ; and 
thus the notion of the dissolution of water by air, a 
notion which had introduced great error into meteo- 
rology, and through the latter into gpperal chemistry, 

has 



h&s b£efc rejected by every attentive 'ttatu^al - ptii^ 

tosopher. '"'' 

^-glivThfe tafce, els I Mte already said; is fct- 
'tbititf analogous W- that of ' ; th* dpplkiatidfr ttf Sir* 
**iife* HalVs &'pttrikie»U 48? iDr.' HtiftonV hypd-> 
tresis. W lien calcareous substktiiks' ^f e ; balciAefr\& 
open air, the Jived air, which is produced, immedi- 
&tely^cape$, arid- it dotitifiued ^ r, fenri, ' until the 

- stfftiliance is -deprived of itsi iiigitedierlts ; but when^ 
'tiitii ! body- p*evente its'-escapfe, the patticfes* iSht 
fbrnied acquire a degree of . cdfctf&is&tibn propor- 
tional to Ae resistance i^iich thay ' foj^erience ; and 
«hey oppose in their 'turns the. tame' reSistancbld 
tto'fenifttiafi of other particles* ^CTride^ «w& ■>%*. 
cui^taiSe^ «tbe*fefore, it the keat^he lricr^s^'it 
produ^-other -coittbhrations $f »' tife 1 fixed 1 tor \#th 
the ^ctolca fetus { eitrth\ as in the- fejWitoerits 'tof Sir 
James Hall. Put tinker tvater^ which- ffie particfei 
<rf thkt gw* can easily penetrate, in* whteh, collecting 
•iti bubbles, they rise rapidly, oriac<;buht'of their in- 
ferior specific gravity, there can be no 'impediment to 
their formation' ;•; any more than to that df the aqueoui 
*oapouf in water;- under the pressure of the atiribs*- 
tphere, when the *heat is sufficiently intense! 'AM 
Smfeed at sea, while 1 cfelm, \Vhatevettoe the depth; 
^bubbles are vei*y commonly seen ^cGnHing/ih'tite 
•watef* and that sometimes in great abundance, 
3e>tfing probably to the putrefaction 'of 'animal sub- 
%tariWs at the bottom. This> it is true; is referable 
<mty to -the immediate pressure of the sea ; arid it 

•* ^ight be thought that the strata themselves had 
exerted an immediate pressure upon each other. 

But 



But I *B£w$r, 09 jfche support of fect£, that, in tfiit 
merous places on our continents, strata of cqkareouA 
stone y or ,of cA«^ : .po5$tiflutfe the surface; sanc^that 
these (joijspquenttyj *#}}il*£hey w<ere forming ip ; ,t}$ 
sga, copkl.j¥#frav#(b^^ 
&re thanth^tpf meter. . . . . / • ; 
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3*?. Dr, If utfpn s hypetjiqsis therefore icecetve* 
support from.tte flxperiflafrate jQf Sir Jeu>$* HaUj 
wd I $faaij qow proceed to fchgw th^t ti^ey would 
aerve, pn tjjje. ^ortarary, to G>verthr<w j^ ,c<j>tjW it 
maintain ilj^elf jupo^ ftny Otfar %?&&*& .WbattfcGW 
^perii^ents dtfsecily prove, ,*, .aa; ;m*gh$ &lv$ been 
expected,, ##£ efcfamihk fl#ifa *>aflfl«t . hp . &rn^ 
jph$» tb/e ^b^ta^c^l wljich .$ta*44 $rq4m8 tifflb 
p»jwfa, : ili* igflae^afee prwvw. .of * foMMtys 
$pw Jigw. #»*1$| «Mfih fluids fcitfft bc^ %!Q&1 <&©• 
jHHtffr tlje jp^el^s $ fitntfaL w W<& rth*y #ra$ fc> qle vtfc, 
Jp *ay wtfhjpg ftf t&e ppgptiijetf #ve ,oc^a# ? ^er&p* 
l>pwprcf, .igt WW *tiU be obj«ra}p4 &aiM^l>jgw# ftfft 
pptwitfigt^n^g, ^uatyy.fepn#} w*d& ffo •&*#& 
SWCG it i* fry *h$» that few **e thfi^wH,#p ft?4h* 
IW&ce, B# w tkat cas* , ,$$*? fkyds -a*? ©netted 
fc> form tte^4r«s, ttw^^ fte *n#ter gf &e.&vaty 
bfttag Jf^y&fck fto tl^ffi,; s^fiQ^siy^r *$tr$gta{ 

psffeptly WjewnectiSd .- w^tti *be n&tiop *&# #$#r 
f&k fluid* #"> b? fanned beneath jthe *&§>& ejtfttf 
pf tfratii, which rest upon . jfche *ery ^t^tsAc<u 
yvhf$k<& ,tho$e fluids oijght to fce prp&ieqd. .tjffl 

thflp ite sflfeot is <ctex&e<jL«t fe wmx&eem&U J# 

should ji t* $*pp9sed to j>foc«4 & 4$ ft$mf>&teft 

TO 
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y» -the raising of our continents, that operation alon$ 
would suffice to oyerturji . the whole theory, as f 
have;already shown. , Fojr, supposing jt^h^ ,,contrary 
to the above fact, thzjluids covild really have formed. 
and forced up the mass of our strata, together wfthf . 
the ocean, the moment . that .the crust should hay^ 
been broken, the fluid would have escaped, $nd J&e 
dislocated„m#s$ must have fa/ieij down sgftin intp 7^ 
former, ptoce* . . 

< « . ■ • . • • . 
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S3 3. The second subject to wjiicji I proposed to 
advert was the .geological ^ysjtefw of Mr, |Cirwftn ; ojji 
-^hiiAij- however, I vmd flot long d^pll, beqaj^e thf 
points connected with it have already hesp di$cus£§$ 
in this ^volume. I entertain a great personal respecjt 
for Mr/Kirwan, with whom I had .tfte satisfaction of 
being acquainted during his residence ip Ilondiptt. 
Besides, our .object in geology is the same-r-Jhat qf 
-pointing out the errors of the systems \yhiph are ip 
opposition ttf the Book of Ge?iesis i tjtie only authentic 
scarce of the kno^vle^ge possessed by men respecting 
their own origin, find that of the universe. This jie 
has done with great success, in regard to such of 
thoae systems as be has examined, #at Jhg has him- 
self formed a (theory, respecting which W£ differ on 
^roatty points, and that for a gpneral ^a^p% whichf 1 
shall begin by stating. "_ 

314. I acknowledge Mr. Kirwan's great talents 
in -chemistry, although we disagree respecting an es- 
sential 
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sential point of the general theory of the science, 
Viz. the nature of water ; whence has resulted the 
difference of our mode of tSonsidfering the first phy^ 
sical operations which took place upon our globe* 
1 am not less aware of his great knowledge of the 
details of mineralogy, and of his extensive acquaint- 
ance with the works of all the best writers on that 
Subject. But, although chemistry and mineralogy 
form essential parts of geology, they do not consti- 
tute its basis. Nothing, indeed, in the fundamental 
principles of this science, must be in opposition to 
that which is clearly demonstrated by particular phe- 
nomena : but the history of the earth, which is the 
object of Geology } is ultimately resolvable into the 
'history of the mineral strata and of the sea ; and a 
knowledge of this history cannot be attained without 
the attentive study, in various countries, of their. 

.hills, mountains, v allies and plains, and of con- 
siderable extents of different coasts ; a study, to 
which Mr. Kirwan has applied but little. Being 
thus indebted for the greater part of his information 
to the various descriptions of others, it has been im- 
possible for him to discern in them, those defects, 
which would have been apparent to such as had 

, 4 studied nature with their own eyes ; he has not, I 
mean, been able, in consequence of his own. obser- 
vations, to distinguish the descriptions which merit 

/confidence, from such as, by their imperfections, 
may lead to error. The application "of this remarjr 
will presently become evident 

315. That 




315. The fundamental difference in oiii* bpinions/' 
whence all our other disagreements arise, originates 
in the conclusion drawn by Mr. Kirwan from the 
Book of Genesis, that the Deluge took place on the 
very continents which we inhabit ; an opinion which 
has influenced his whole system. I have pursued a 
different course, as may be seen in all my works. I' 
began by studying geological monuments; from which* 
I clearly saw that our continents had formerly been 
the bed of the sea> and had become dry land, in conse- 
quence of a revolution which had taken place on thtf 
globe. Upon referring afterwards to Genesis, T 
could easily judge that it was this very revolution 
which had produced the Deluge ; the continents pre- 
viously inhabited being then destroyed, I here 
only point out this essential difference in our mode of 
conducting our researches, as I have elsewhere 
dwelt at large upon that subject ; and I am the less 
obliged to do so at present, because Mr. Kirwan, in 
opposition to a system so extensive as mine, and 
founded throughout upon observation arid expert 
ment, has merely urged a few objections, comprised 
in four pages, (p. 61 — 64,) to answer which it would 
be necessary to repeat, on each head, all that is 
contained in i»y works respecting them, to which he 
has not adverted. It will moreover be seen that 
such a recapitulation is not essential to establish the 
truth of the following remarks, 

3 1 6. Although we differ respecting the nature of 
the first physical operations which took place upon 

B b our 
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our globft we yet both of us set out from a period 
when it was encompassed by a liquid, in which were 
held in solution by each other, all the elements of 
the substances now observable on the earth's surface. 
But whereas, in my system, the chemical precipi- 
tations produced in this liquid, were collected at 
f|rst in strata at the bottom of the sea, and became 
mountains in consequence only of the catastrophes 
which they underwent, Mr. Kirwan (p. 21) ascribes 
to these precipitations the immediate formation of 
some mountains, which he calls primitive. It m\\ 
now appear that, from this first difference in the 
judgment which we have formed in regard ta the 
most general facts, result all the other differences 
between our respective systems. If Mr. Kirwau 
however had observed mountains as long, in as great 
a variety of places, and with as much: attention, as I 
have done, and had afterwards perused M. de Saus- 
sure's Voyages dans Us Alpes, to which he so fre- 
quently refers, he could not but have been struck 
with the strong light thrown by that work upon the 
nature of those eminences ; which were evidently at 
first laid in strata nearly horizontal and continuous, 
arid were converted into mountains, solely by the 
catastrophes which befel them. To M. de Saussure's 
remark on this subject we shall more particularly 
revert; but, for the details, I must refer to the work 
of that great observer, more especially tfrCfcap. XXI, 
entitled, Poudingue de la Valorsine y antf to Chap. 
XXXLV. entitled, Le Cramont, §9l6&seq. 

317. Again, 
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3 1 7. Agairi, Mr. Kirwan's theory, as well as 
my own, represents the quantity of the liquid as 
having diminished on the exterior of the globe j &nd 
this supposes that internal caverns either already 
Existed, or were subsequently formed. Mr. Kirwan 
has adopted the first of these ideas, which he de- 
velopes and supports, p. 24 & seq. It is to the 
operation of preceding volcanoes, that he ascribefe 
the existence of caverns, into which he believes the 
liquid to have gained admittance, at first rapidly 
but afterwards more slowly, through the numerous 
rifts occasioned by the volcanic fires ; and thus the 
height of the sea was reduced first to about 85(10 or 
9000 feet above its present level ; at which time it 
began to be peopled with fish. During this period 
were formed, according to Mr. -Kirwan, the moun- 
tains which he calls secondary; I hav6 also em- 
ployed this expression, but I have applied it, not 
to the mountains themselves, but to the strata formed 
subsequently to the production of organic bodies. 
He supposes however that, at that period, almost 
all the substances capable of being chemically pre- 
cipitated had been separated from the liquid ; atid 
he employs for the formation of the secondary masses, 
such materials only as were furnished by the disin j 
tegratioft of primitive mountains ill the sea; 
whereas, according to my theory, the chemical pre- 
cipitations continued to take place* in the sea, until 
the birth of our continents, 

318, Having formed immediately into the 1 moun- 
tains, which he- calls primtvoe y the substances che- 

fe b 2 micajly 
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.tnically precipitated, Mr. Kirwan necessarily con- 
sidered the detritus, supposed by him to have pro- 
ceeded from them, and containing organic bodies, as 
having been also originally formed into mountains. 
These last, which he terms the secondary mountains, 
he consider** as having been formed around the for- 
mer, and over those parts of them which were al- 
ready sufficiently destroyed to admit of their being 
completely covered by the latter ;' because it is thus 
that we at present find them. Now he could never 
have believed these eminences to have been origi- 
nally formed into mountains, were it not that lie 
had seen but very few of them, and that he had 
not had the opportunity of observing those among 
them which are impressed with such characters as 
clearly denote, that, before they were mountain*, 
their masses had been disposed in horizontal and 
♦continuous strata. 

319. And here it will be proper «iore particularly 
to speak of the remark of M. de Saussure which I 
have already mentioned. Had mountainous regions, 
and especially the Alps, been as familiar to Mr. 
Kirvvan as they are to me, that remark could not but 
have made the same forcible impression upon him, 
which I had experienced from it. On the subject of 
secondary mountains, I never varied in opinion, be- 
cause their nature is very intelligible; bu& although 
my acquaintance with the Alps had been earlier than 
that of M. de Saussure, it is to him that I am in- 
debted for understanding the structure of the moun- 
tains of this class, whrdi I contented myself with 

; : \ N ->r } £ calling 
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calling primordial, and not primitive, at the same time 
confessing tbat to me their nature was involved in 
mystery. From my previous knowledge, however, 
of the spots, I was well prepared to understand the 
theory, of which I have already given an exposition, 
but which, in this place, it will be necessary again 
to state. 

320. In the first volume of his Travels, M. de 
Saussure, speaking of the nearly vertical strata which 
he had observed, and considering them as having 
been produced in a solid state, ventured upon an 
opinion, in which I could not acquiesce, viz. that 
they had been formed in that position-; and such is 
the opinion entertained by Mr. Kirwan; as also by 
M. Werner, to whose theory what I am here going 
to state will therefore equally apply. The regular 
strata of breccia of the Valorsine, which Mr. Kirwan 
mentions, though without stating the remark sub- 
joined by M, de Saussure to his description of them, 
were those which so % forcibly struck that observer, when 
he carr^e to consider that strata, which showed by the 
fragments of other stones contained in them, that 
they must have been at first in a soft state, could 
not' have been formed in a vertical situation. Con- 
ceiving, therefore, that they had been originally ho- 
rizontal, or nearly so, and yet observing them to be 
enclosed between other strata lying in the same po- 
sition as themselves, viz. thtfse of granite toward 
the central chain, and of schistus on the opposite 
£ide, he thence concluded, that these must all have 

been 
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been produced in the same horizontal situation a& 
the strata of breccia. When afterwards, viewing 
from the summit of the Cramont the several chains 
of those mountains, he saw the calcareous strata of 
the exterior ridges turned up against the coitral 
chain, and considered that these strata, which are 
perfectly parallel to each other in their present sitiir 
ation, must nevertheless have been originally in a 
soft state, since they contain marine bodies, he en- 
tirely relinquished his first opinion ; and . only saw, 
in that assemblage of mountains, from the exterior 
ridges to the central chain, strajta which had been at 
first successively formed upon each other, though of 
different classes and species, in a horizontal and 
continuous situation ; and which had afterwards been 
converted into chains of mountains, in consequence 
of some revolution, during which they had been 
fractured, dislocated, and reduced to their actual 
position. Thus it is that he has diffused upon geo* 
logy a light, which can ne,ver be obscured; because 
whoever shall at any time attentively study the na- 
ture of mountains, as I have done since I have had 
that light to guide me, in a variety of countries, will 
everywhere find the same phenomena, which, through 
the eyes, irresistibly speak to the understanding. 
Of this Mr. Kirwan has not been aware, because he 
has not sufficiently observed with his own eyes those 
parts of our continents which consist of mountainous 
tracts; and it will be seen that the least defensible 
part of his theory is to be ascribed entirely to the 
want of that necessary information. 

321. Mr. 
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321. Mr. Kirwan again believes with tne, that, 
during the formation of the first of the mountains 
which he calls secondary r , (those containing marine 
ex mice,) the liquid, continuing to pass into the inte- 
rior parts of the globe, diminished considerably oh 
the surface; he supposes, p. 44, that this retreaft 
continued until a few centuries before the delugt* 
And here also we agree on two points : that our cont- 
inents were once the bed of the sea, and that thfe 
waters of the sea produced the deluge ; but after this 
our opinions do not any farther coincide, and for thfc 
following reasons* 

322. If Mr. Kirwan, in studying the history df 
our mineral strata, and of the sea, had really con* 
suited the objects themselves ; if, in regard to thfc 
former, he had been thus led to conclude, in com- 
mon with the most accurate observers, that they had 
been originally formed in a horizontal and continuous 
situation, and that they now constitute mountains, in 
consequence only of the catastrophes which they 
have undergone, he would not have sought in thfe 
deluge an agent to which should be ascribed their 
present form, an agent that had no share whatso- 
ever in its production. If again, in regard to the 
sea, he had studied in different places, and on coasts 
of different kinds, its real, and at the same time its 
only possible, operations, he could not have attri- 
buted to the deluge such effects as the divulsion of 
vast continents, and the separation of large islands 
from the main land ; and more particularly the scoop? 

ipg out of the immense be4 of the Atlantic* , The 

deluge. 
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deluge, beyond all doubt, was a miraculous event, 
pnd in this light I have considered it : but when some 
$ause of that event, as produced by the Divinei will, 
has been pointed out, it must be shown that the ef- 
fects of that cause are in conformity to the ordinary 
course of nature, and consistent with what we ob-* 
serve on the earth's fcurface. These necessary con- 
ditions are admitted by Mr. Kirwan, and in his the- 
pry he considers them as fulfilled ; it is therefore un- 
der this point of view that I must propeed to ex- 
amine it 

323. I shall first state our respective theories, in 
Reference to that great event, beginning with my own; 
because priy exposition of it will * leave me nothing 
farther to add. According to the first part of ray 
system, which is purely geological, those portions 
pf the bottom of the ancient sea, which became pur 
continents, had, before they were abandoned by that 
sea, been brought, by the natural operations which 
I have detailed, to the state in which we now ob- 
serve them ; and since that event they have under- 
gone no change, but such as is effected by the causes 
at present acting on the earth's surface. By study- 
ing the respective actions of these causes, which are 
'of several classes, in prder to discover what. they 
have produced, we may, with certainty, determine 
the state of our continents at their birth. All this, 
I observe, is wholly independent on any reference to 
the book of Genesis ; and it is the same with respect 
to that part of my theory, which concerns the man- 
ner in which our continents became dry land; geo- 
logical 
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logical facts clearly proving that this eveftt took place 
in consequence of a revolution upon the globe, du- 
ring which, the sea, changing its bed, overflowed 
the continents which then sunk. There needs, there- 
fore, no commentary, to show the conformity be- 
tween Geology and the history of the Deluge, a ca- 
tastrophe, which God himself, when he " $*w 
*' that the wickedness of rtian was great in the earth," 
had announced to Noah in the followiqg terms; 
" Behold, I will destroy them with the earth ;\ which 
destruction, as we learn from the description of the 
event, was occasioned by the sea, in Scripture called 
the deep. Geology, however, extends still farther 
its agreement with Genesis ; it ascertains with preci- 
sion, as I have shown in this work, the state of our 
continents at their birth, and the causes which from 
that time have acted upon them ; whence two other 
essential points are established ; one, that the level 
of the sea has not changed since that period ; the 
other, that the antiquity of our Continents is not 
greater than the Mosaic chronology from the Deluge 
ascribes to them. Such is a summary statement of 
my system, with which the Deluge is indeed con- 
nected, but not as a proof; the system being other- 
wise supported by a series of facts, embracing the 
>vhole physical history of the earth, from the period 
at which }t was covered by the primordial liquid, to 

our own times. 
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324. Very different is Mr. Kirwan's system, both 
in its origin and in its progress. Having erroneously 
collected from some expressions in the book of Ge- 
nesis, 
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nesis, of which he had not sufficiently studied the 
connexions, that the Deluge, though occasioned by 
the a«*, had taken place on the continents still in- 
habited by men, he experienced the same insur- 
mountable difficulty in reconciling his explanation 
with geological phenomena, which had been felt by 
those who had preceded him in the same attempt, 
and whose systems, easily refuted, had caused the 
authority of Genesis itself to be questioned : since 
it had been imagined that to overthrow those systems 
was to subvert the authenticity of the sacred volume. 
Of this danger Mr. Kirwan was not aware ; because, 
not being sufficiently acquainted with the phenomena 
exhibited on the earth's surface, he had overlooked 
those descriptions of them which were. the- most ac- 
curate, and dwelt on such only as seemed to denote 
viblent attacks of the sea upon the land, and in par- 
ticular upon the mountains ; and in order to account 
for that supposed effect, he imagined that the part 
of the liquid, which had penetrated into the interior 
of the globe, had issued from thence in a miraculous 
manner, and produced the deluge. This is stated 
by Mr. Kirwan in p. 67 and seq. He supposes that 
these waters proceeded from the great southern 
Ocean, below the equator, and thence rushed on the 
northern hemisphere, covering thus once more the 
mountains which had been originally formed in the 
bosom of the sea ; and that afterwards this superflu- 
ous quantity of liquid returned with equal impetuo- 
sity to the 30uth, and again passed into the interior 
of the globe, I make no objection to such motions 
of the water; they constitute (he miraculous effect 

supposed 
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supposed by Mr; Kirwan ; but then it is requisite 
that he shoild satisfactorily account for the geologi- 
cal monuments connected with this part of the sub- 
ject. I shall therefore proceed to take a short sur- 
vey of those which he consider as explained by the 
foregoing cause, and to dhow that his opinion en- 
tirely proceed* from the confidence which he ha* 
placed in vague abd Imperfect descriptions, 

3&5. The &vs% phenomenon which struck Mr- 
Kirwan was the ruinous aspect of numerous hills and 
mountains ; an aspect vaguely considered by some 
geologists, as denoting catastrophes produced by a 
violent attack of the sea. But if he had himself 
examined many of those hills and mountains, or had 
placed his reliance on accurate observers, he would 
have recognized the unequivocal proofs which I have 
enumerated in this work, not only that catastrophes 
of a very different kind had there taken place, hut 
that they had occurred in succession, at period* 
greatly antecedent to the birth of our continents, and 
considerably distant from each other. — The second, 
phenomenon which engaged his attention was that, 
among the extraneous fossife found in our regions, 
were the remains of animals, both marine and ter- 
restrial, species analogous to which exist at present 
in the southern hemisphere only; and he adopted the 
Opinion of M. Pallas in supposing this effect to have 
been produced by a sudden motion of the sea frorti 
south to north, correspondent with ins Own idea <rf 
the Deluge. I shall spepk first of the marine bodtefc : 
these are the remains, net only etf animals now be- 
longing 



longing to no seas but the southern, but/ in a still 
greater quantity, of such as dtx not at present live in 
any part of the ocean. Besides, these remarkable 
fossils of the marine; kind are contained almost ex- 
clusively in stony strata, which, in various countries, 
constitute great mountains, -such as the whole chain 
©f Jura j and the external chains of the Alps ; and 
it is by the fractures, partial subsidences, and angu- 
lar movements, which those strata have undergone, 
that they have been converted into mmintuim. Now 
these are not effects which can be ascribed to the 
Deluge. — With regard to the quadrupeds, at present 
inhabitants of only the southern regions, the bodies 
of which are notwithstanding found buried in our cli- 
mates, and are supposed, both by Mr. Kirwan and 
M. Pallas, to have been transported by a sudden 
motion of the sea from south to north, I confess 
that I could never understand how M. Pallas, who, 
from his own observations, knew Asia to be inter- 
sected to a great extent, by chains of hills and moun- 
tains, could have conceived the bodies of rhinoce* 
roses and elephants, which are so much heavier than 
water, to have floated, over those chains, instead of 
being detained in the first vallies. But let us sup- 
pose them to have^eached the northern climates, 
together with the waters rendered turbid by the loose 
soil which they must have washed from the surface 
of the land : what would have been the result ? 
Nothing but large accumulations of mud, with those 
bodies dispersedly intermixed. Now I have seen 
bones of elephants, taken if om several spots which 
I have myself observed: the soil was -composed of 

, . * regular 



jtegftiatf sttfafo &f different species, lying one ovef aft^ 
others »hd thus plainly denoting, as well as some of 
whidf Lam going more particularly to speak, that 
tha stasias calm during their formation, 

-/j 396. ,Ofie of the phenomena upon which Mr. 
Kirvvan taya' the* greatest stress in his theory, had 
been ^already many times Adduced as a proof of the 
Deluge, -bur, as long as it was thought to prdve dfc 
rectly thkt event, it had given •occasion to unanswer- 
able objections ; I mean the vast accumulations of 
sheik found in loose and superficial soils. Mr. Kir- 
wan ^orisiders these shells Us a prdof of that return 
of the sea upon our land, to which he ascribes the? 
Deluge. These scattered marine bodies forming, 
however, in themselves 'a very important phenome- 
non, my brother and I had directed Our attention to 
it, from the time when we first began to devote our- 
selves to geological pursuits : wfe made a large col* 
lection of the shells contained in loose soils ; not 
merely with the view of arranging them in pur ca- 
binet, but for the purpose of examining the spots 
where they had been deposited, and all the circum- 
stances attending them. The results of our obser- 
vations are, for the most part, detailed in my first 
geological work, where Mr. Kirwan may see them; 
I shall therefore here confine myself to a general 
outline. These shells are found in regular strata of 
marie,* argil, and different kinds of sand. In some 
places, those strata continue the same to the great- 
est: depth we can reach; nn others, their nature 
changes. as we penetrate the soil; and then it mpst 
«/:... ? commonly 
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Commonly happens that, after Wmg not *itk 4 
GeriainJamUy of shells in a particular class of strata, 
we find different families in those either above or 
below ; in the same manner as we observe the fami* 
lies to change in the stony strata, where they form 
whole mountains. Lastly, the loose strata, which 
qure always parallel .to each other, are ia various 
places fractured and highly inclined, as well as the 
atony strata which .they cover. Such ware the ob- 
servations, which, at an early period,, convinced my 
brother and myself, — first, that, at the same time 
that these shells directly prove oujr coqti&dnts to have 
been formerly covered by the sea, H is no less evi- 
dent that they could not have been deposited by the 
Deluge; for, in that ease, the utmost confusion 
would prevail throughout ail the loose substances on 
the surface of our soils; — secondly, that these regu- 
larly disposed strata were produced from the last 
precipitations which took place in the sea, when 
marine animals existed at its bottom ; — ^and thirdly, 
that the sea retired from our continents, by chang- 
ing its bed. \ 

327. I shall not dwell upon some strange effects 
ascribed by M r. Kirwan to the supposed return of 
the sea upon our land ; such as producing the angu- 
lar form of the continents towards the south, excar 
vating the immense basin of the Atlantic; and sepa- 
rating Great Britain from the continent of Europe, 
and Ireland from Great Britain. Mr. Kirwan could 
have been induced to suppose such operations of a 
liquid, by his persuasion only that the continent* 
v • . which 
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which we inhabit, must necessarily be the same with 
those which belonged to the antediluvians, and by his t 
preconceived notion of the original form of these 
continents. For nothing can lead us either a priori,* 
or from the general phenomena of the earth, to de- 
termine what were the original outlines either of the 
first or of the present continents ; though the form, 
of their surface clearly manifests the causes by which* 
it was produced : and to attribute their actual out^ 
lines to a sudden irruption of the sea, and tq its re- 
sidence upon th6 land during the short period of the 
Deluge, implies great inattention to. the facts 09, 
which the question ought to rest, namely, the real 
effects of sudden percussion, and of the residence^ 
however prolonged, of a liquid in^ss, upon solid sub? 
stances, such as are the stony strata which compos^ 
the greater part of our continents, 

328. Neither shall I dwell on the phenomenon Qjf 
the organised terrestrial bodies, ^getable as well a$ 
animal, which are found among fossils ; for this sub* 
ject, when considered in all its branches, is am* 
nected with so many others, that it could not be con* 
veniently introduced in this place. Mr. Kirwan say$ 
only a few words, p. 64, on the very extensive part 
of my theory concerning this subject, developed in 
my preceding works ; and he does not even consider 
the phenomenon in its geological point of view, but 
contents himself with opposing to me the authority 
of Genesis, which book he does not however seeiji 
to have studied with sufficient attention. I hate 
not .therefore to defend my system against «ty pre- 
cise 
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cise objections ; and with regard to his own theory 
on the same object, to have demonstrated by all the 
•ther phenomena, even those on which he particu- 
larly grounds himself, that the sea has never over- 
flowed our continents since the period at which it 
first abandoned them, is surely sufficient to show the 
necessity of seeking some other cause, to which those 
terrestrial vegetables and animals found among our 
fossils may be ascribed. 

329. This is all that I consider as requisite to be 
said here of Mr. Kirwan's geological opinions, which, 
from the beginning, I have treated as very distinct 
from his chemical and mineralogical knowledge, 
wherein he is very eminent. I do not, however, 
here take leave of the subject itself. My present 
undertaking, in its whole extent, is* intended to em- 
brace geology, considered in a general sense, with 
all the principal questions which have arisen in that 
science. This first work I have more particularly 
devoted to the objects connected with those two great 
and fundamental points in the history of the earth, 
the state of our continents at their birth, and the 
causes of that state. What I have advanced on 
these points, having been the immediate results of 
the general phenomena which I have adduced, would 
have sufficed for the establishment of fixed and per- 
manent bases in geology, if conviction could be com- 
manded by facts presented under such a form. But 
I showed from the beginning, that this effect could 
not be expected, on account of the very different 
systems respecting the same objects, which their 
* authors 
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authors equally ground on what they pretend to be 
general phenomena, % t 

. 330. This circumstance forms the greatest obsta- 
cle to the advancement of sciences which, from their 
objects> can be founded only upon facts, although 
such sciences might seem to be the least exposed to 
that cause of retardation ; and as it is by the varit 
ous modes of representing the same facts that the 
retardation is produced, there can be no other means 
of overcoming thjs obstacle, than by 'a sufficient 
number of well authenticated details, When we 
think that we have established a system upon real 
facts, which however, to facilitate the discussion, 
we have been obliged to present under general forms, 
whatever apprehension we may entertain of not be* 
ing read by those who content themselves with tak- 
ing a superficial view of science, we must not he$ir 
tate to bring forward a great nymher of well de- 
scribed instances in each of the various classes of 
those facts, in order that the generalizations may 
immediately arise from themselves. When natural 
philosophers shall follow this regular mode of de* 
veloping their discoveries, (nor will they neglect 
it, if they find it to be expected from them,) many 
chimerical systems will yanish even from their own 
eyes. 

331. The fundamental facts in Geology consist of 
(every thing that natural history has already collected, 
or can still collect, by attentive observation, respect- 
jng the actual state pf our globe ; and an accurate 

C c generalization 
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gmeratizatlon of each of the several classes of these 
phenomena can be formed only by means of the mul- 
titude of particular phenomena belonging to it, col- 
lected in many different spots, with afl their various 
combinations. This, as I have announced, is the 
method which I shall pursue in furnishing the proof 
of the general facts brought forward ki this volume, 
for the purposes, both of establishing my own the- 
ory, and of supporting my arguments against those 
of others : and the performance of this engagement 
will be found in the account of my Travels, whieh 
will soon follow the publication of the present 
work. 
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SIXTH GEOLOGICAL LETTER 

TO 

PROFESSOR BLUMENBACff, 

BY 

M. DE LUC, 

Being a Physical Commentary on the 
ELEVEN FIRST CHAPTERS OF GENESIS. 



Sir, 

1 . In my last letter I collected, together the leading phe- 
nomena of a numerous class, tending to ascertain beyond a 
(doubt, the following points. First, that the birth of our 
continents must have been preceded by a. sudden revolution, 
cluring which the ancient conti kents sinking-down, formed 
a new bed for the sea; and, secondly, that the epoch of this 
revolution is not more remote than that of the deluge, accord- 
ing to the Mosaic computation. What then becomes of 
that immense antiquity, to which certain Asiatic nations lay 
claim, and of which some Geologists have availed themselves, 
to form systems as groundless as these Chronologies ? 

2. While Geology has made advances in unravelling die 
history of our Globe, it has been strongly supported by the 
enquiries of learned men into those mythological fables, 
which covered with the veil of fancy the true history of man- 
kind. In the year 1776, Mu. Bryant published an eminent 
work {The Analysis of Ancient Mythology) in which, 
tracing by a most laborious and learned analysis, the Mytho- 
logies of Greece and Rome, up to. their Egyptian and Asi^ 

: tfic sources, he proves that they all allude to the history of 
the Deluge, as related by Moses; referring in qomai^u^to 
thai event, defined by the same characteristic circumstances, 

C c 2 th« 
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the Epoch of a Renovation of the human race, by a per- 
sonage conspicuously described, who was miraculously pre- 
served Kith /lis family, in a vessel. These results, as far as 
they relate to the nations of Asia, have been since confirmed 
in the three volumes hitherto published of the Asiatic Re- 
searches, the fruits of the learned enquiries of a most import? 
ant literary society established at Calcutta, under the presi- 
dency and direction of the late Sir W i l l i a m Jones. Last- 
ly, in Mr. Maurice's publication on the history of Hin- 
aostati, we have a recapitulation of all that has, through a 
length of time, been discovered on this important subject, 
connected with the modern discoveries, and accompanied 
with many very interesting remarks. 

3. Hitherto, however, it might appear, that we have as- 
certained with more precision only, a resemblance, which 
unbelievers had already noticed between the Pagan Mytholo- 
gies and the book of Genesis; whence they had concluded, 
and still continue to conclude, that the latter was also a My- 
thology compiled by the Hebrews from notions which they 
had adopted during their captivity in Egypt, and from the 
opinions of the several nations by which they were surround- 
ed ; but the history of the earth, necessarrily connected with 
that of mankind, will decide that dilemma. The cosmogony 
of Genesis, at the same time that it contains, in common 
with the cosmogonies of these nations, the great event of the 
renovation of the human race after a deluge, instead of car- 
rying back the era of this event to an immense distance, as- 
signs to it only a very small number of ages. Here then is an 
indisputable criterion : we cannot refuse to acknowledge, 
that, of these compared cosmogonies, that of which the chro- 
nology is ascertained, must be the original. Now I have 
shown in my former letter, that the phenomena of the earth 
confirm, beyond all doubt, the chronology of the Book of 
Genesis. If then to this first criterion of truth, is added 
this striking circumstance, that though composed at a time 
when Polytheism prevailed among every other nation, Gb- 
nests represents the Israelites as professing the most pure 
tVheisw, such solid foundations will, I hope, induce every 
lover of truth and of mankind, to examine attentively the 
tyhole of what I shall further state, relating to the characters 
of this great Book. 

.4* . . 4* X oe 
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' *4. The Deluge is described by Moses under circum- 
stances so precise, that' if they are true, they must be im* 
pressed on the whole of our globe as forcibly as its chrono* 
logy : and now, in proving that they are so, I shall not con- 
fine the character of Moses to that of a faithful historian j 
but shall make it manifest, that he must necessarily have been 
directed by God himself. 

5. No account of events of such considerable magnitude, 
could be more simple than this of Moses: the history of 
' mankind is the main series of events which he is to imprest 
on the memory of the people entrusted to his direction; 
marking those' in which the intervention of God had been 
manifested to their forefathers. He first, therefore, expounds* 
to them, in a succinct manner, the successive operations by 
which, at the word of God, the earth was prepared for the 
reception of man, but with such leading circumstances, that 
we have found them clearly impressed on our globe : then> 
proceeding in his main purpose, the history of man, and ar- 
riving at the era when the human race was renewed after a 
deluge, during which God granted his protection to Noah 
and his family, he relates this event : after which he confines 
himself to the history of that family, with whom the repopu* 
lation of the globe commenced. In this narration, Moses 
does uot stop to explain or prove the events he treats of, but 
simply relates them; the Israelites knew, from tradition t th6 
truth of a great number of the circumstances related ; and 
they admitted without inquisitive curiosity, those they could 
not know, because Moses exercised among them a superna- 
tural power, which proved him to be the minister of God. 
We have not now the benefit of such direct proofs, but the 
phenomena of our globe, which have been the immediate ef- 
fects of what he declared to the Israelites, are for us as deci- 
sive proofs as what they witnessed. 

d. I shall begin with the Almighty's Revelation of him* 
self to Noah previous to the Deluge (Genesis, chap*, vi. 
v. 13.) " And God said unto Noah, the end of all flesh 
u is come before me; for the earth is filled with violence 
€€ through them : and behold, I will destroy them with the 
u earth" The more literal translation of the latter part of 
the verse is, " I wiH destroy them, and the earth with them? 
We see that the term earth does not here signify the terres- 
trial 
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trial globe, but the land inhabited by man ; cdnforriribly to 
this we read in chap. i. v. 10 ; " and Go d called the dry land 
u earth? It was therefore the destruction of those conti- 
nental parts which was foretold to Noah. Now Geology, 
as I have explained in my former letter, pro res, that at a pe- 
riod corresponding with that assigned to the Deluge , ancient 
continents sunk ; and as the sea rushed over them to occupy 
their place, all the organised beings necessarily perished. 
Thus Geology, a science but very lately advanced so far as to 
explain to us the real history of the globe, comes in, 88 an evi* 
dence, that, at this very period, the human race that inhabited 
the earth, or the former dry lands, was destroyed with it. 

7. Let us f however, suppose for a moment, that the his- 
tory of the Deluge, thus shown to be real, is only the record 
fef a tradition, true as to the events, bat into which has been 
inserted, by fraud or superstition, a pretended revelation from 
God to the family saved. Then we must necessarily admit, 
that the Deluge surprised this family as it did the rest of man- 
kind ; that by some fortunate accident they found themselves 
shut up in a vessel with abundance of provisions; and that 
this vessel, instead of being swallowed up in the chasms which 
were opened in the old continents, (though it would certainly 
'have happened in the natural course of things) Boated in such 
an extraordinary manner as to be at length stopped against 
iwie of the islands of the former bed of the sea, before it had 
entirely abandoned it : in such a case, what could have been 
tfie facts observed by this family r That after an astonishing 
?ain, during forty day* and forty wights, their bark had been set 
adrift ; that in this state it had been violently driven about on 
a body of water terribly agitated ; that during a certain period 
they saw nothing but water under the horizon ^ that in process 
of time, a raven and a dove- gave them notice of their approach 
to land; that at length their vessel rested on a mountain, 
where they disembarked; from which moment the waters 

* gradually retired from the land on which they foimd them- 
selves. 

8. This, I say, must have been all that any spectators, 
' accidentally preserved in such a catastrophe, could have ob- 
served or described ; it never could have entered into their 
thoughts, that this dreadful catastrophe had been caused by 

Hhe sinking of an immense extent of land, whence anew land 

was 
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wasforfried frorn ^teftieforeVas \he bed of the teb: it it 
Geology that unfolds to us that great revolution, written on 
our globe, hi indelible characters ; and it thus necessarily rep- 
eals to our mind, that important circumstance which we had 
by our supposition set aside for a moment, namely, the predict 
Hon of the Deluge to Noah, purporting, that all the inha* 
bited parts of the globe should bt destroyed. Here then it 
a revelation confirmed by indisputable facts ; and this first de* 
monstration might serve to overthrow all die arguments of 
unbelievers against any divine revelation ; but we shall see 
that the whole Book of Genesis bears the same character. 

9- Not only the family of No ah was struck with this event 
in the manner in which Geology teaches they must have been) 
but they knew, and transmitted it to their posterity, that God 
had interposed on this occasion, and that it was by his power 
they had been preserved : we know this, from the ancient 
MYtHOLOGiEs, the first foundations of which necessarily re- 
fer to traditions of Noah's family ; for the chronology of this 
family being confirmed by the phenomena of the earth' itself, 
we cannot doubt that all the traditions must have proceeded 
from them. Now the nations of the east have applied the 
whole strength of their imaginations to describe a terrible agi*. 
tation of the Sea during a Deluge : or rather, it is from the 
greatness of the ideas preserved among them, on which they 
exerted all the power of their fancy when they were left to them- 
selves, that proceeds the strong character observed in the orien- 
tal images : and they had not lost sight of the circumstance 
of a superior power presiding in this catastrophe; for they par- 
ticularly attribute to such a Being, the preservation of a bark 
(notwithstanding the violent agitation of the ocean) containing 
some holy person, with his family, consisting of seven people*: • 
we may see this particularly explained in Mil. Maurices 
History of Hindostan, p. 3$} } &c. 

10. Mosfis was not indebted to these sources for his in-* 
formation ; else he could not have avoided using their hna- 
gery : neither did he write from a knowledge acquired iu 
Geology or Physics ; for these sciences had as yet no exist* 
ence ; the observations on nature had till then been chiefly 
directed to the common wants of human life ; and even the 
origin of what littl* science they possessed wars as much 

1 wrapped + 
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trapped up iri the veil of mythology, as- that of the new 
race of man. The narration of Moses was extremely simple, 
and all it contains is at this day confirmed by Nature : I pro- 
ceed to make this evident with regard to the first circumstance 
in this relation, namely the prediction of the destruction of 
the ancient continents ; and in this discussion I shall point out 
the geological facts recorded by Moses, after I have re- 
minded you of some phenomena, from which we have re- 
ceived our first instructions in Geology. 

] 1 . I have explained in the course of my former letters, 
the causes and the effects of certain great changes which took 
place in our atmosphere during the formation of our globe, 
such as we see it at present. The causes, winch are con- 
nected with the production of our mineral strata, are the 
succession of expansible fluids that issued from the caverns 
within the globe, at each revolution that happened at the 
^ bottom o( the liquid, the residue of which is our sea ; the 
effects, as far as regards the atmosphere, are to be traced in 
the successive changes which befel the race of marine animals, 
"and the several tribes of vegetables. The last revolution of 
our globe, that which produced the Deluge, was of the fame 
nature with thofc, and of considerable extent : thus the atmo- 
sphere must have, at that time, undergone a great change; 
and I have shown a direct proof of it, in the remarkable cir* 
cu instance of divers species of terrestrial and marine ani- 
mals, ceasing to exist without the tropics, which existed there 
previously; and even in the extinction of some species of the 
latter. 

t 

12. I must still recall to your mind a very important fact, 
now uncontrovertible in meteorology, and of which I have 
treated in many of my works, namely, that rain is not, (as 
it was commonly thought) merely the condensation (owing to 
cold) of the water raised into the atmosphere by evaporation* 
-By a process connected with the rays of the sun, the vapours 
• ascending in the atmosphere, are gradually converted into 
air ; for they disappear to the test of the hygrometer, which, 
however, as long as they do not change their nature, indicates 
not only their oresence, but their quantity. Rain then L« 
produced, by the decomposition of a certain quantity of a/- 
mospherical air, operated by some fluid, which probably 
• proceeds from the surface of the earth : that portion of de- 
composed 
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composed air suddenly returns to the state of vapour, which 
being too dense for the parts to remain connected, is decom- 
posed itself, first into clouds, then into rain. This is a ma- 
terial point in the natural philosophy of the earth, of which I 
have treated at length in my works on this subject. 

IS. 1 now return to the Deluge. The rain of forty days, 
and forty nights, described by Moses, as an extraordinary 
phenomenon, was one of the effects of the change which was 
operated in the atmosphere by the expansible fluids, that 
escaped from the internal caverns at the beginning of the ca- 
tastrophe; and this was the prelude to those meteorological 
operations which brought the atmosphere into its present 
state. But from this extraordinary fall of water resulted only 
a first inundation of the habitable parts of the globe, and 
Moses does not confine himself to this cause only; for he 
brings into action the fountains of the abyss, which, accord- 
ing to the language of scripture, means the sea. These are 
the causes which Moses indicates only in a few words ; we 
•shall however trace their characteristic effects, in his so re- 
markably simple narrative of this great event. 

14. After these words, [Genesis, chap. vii. v. 17.] 
u And the Ftood whs forty days upon the earth; and the 
" waters increased, and bare up the ark, and it was lift up 
iC above the earth ;" (which part relates only to the continu- 
ance of the rain j— and here would have" terminated the in- 
undation, had it been produced by the rain only ;) it is said 
[vv. 18, 19,] " And the waters prevailed, and were in- 
" creased greatly upon the earth. And the ark went upon 
u the face of the waters. And the zvaters prevailed exceed* 
u ingly upon the earth ; and all the high hills, that were 
u under the whole heaven, were covered? This expression, 
u under the whole heaven? signifies only the whole horizon 
of the inhabited lands ; for the sphericity of the earth was 
then, and for a long time afterwards, unknown to its inhabi- 
tants. 

15. It was then by the extraordinary rain which succeeded 
the disruption of the caverns under the lands that were on the 
point of being destroyed, that the ark was set afloat : after 
which these lands sunk by degrees, and the sea flowed in 
from all parts; by which cause, though the rain had ceased, 

' " the 



* ihe waters prevailed and were im peu&d greatly opou the 
" earth." It was thus that ail the mountains of those parts 
of the earth were submerged, and even overthrown into tfee 
caverns ; and the ark would have been carried along by some 
of the currents and fwaliowed up in fhofe chauns, bad it not 
been for the divine interposition, which is the principal point 
with Moses, in his narration, and the emblems of which are 
found in all the monuments of ancient Mythology. The ark 
then floated miraculously against the currents of the sea, and 
-being borne up towards the place which the waters were aban- 
doning, rested upon an island, which soon after became one 
of the mountains of the new continents. Thus, with the 
help of Geology, we already trace in this part of Moses' 
concise narrative, that it was the sea which flowed in to cover 
the artcient lands : and now, by consulting Natural History, 
vte shall find also in the rest of that narrative, that the retreat 
of water there mentioned, Was that of the sea, which aban- 
doned its ancient bed. 

1 6. I need ^not prove, that our continents have been the 
bed of the sea ; there are not two opinions on this subject 
among naturalists, but we are to examine some of the con- 
sequences of their becoming dry lands. When the sea 
changed its bed in the revolution of the Deluge, all the hol- 
low parts which happened to be in the new lands, remained 
-at first full of its waters : but soon the waters that fell in rain 
were added to these ; and in every part where the extent of 
land from whence these waters descended into hollow places, 
was very great in comparison with the lowest space, wlrence 
it could not naturally come out, the superabundant water 
-flowed over at the lower parts of that bason, after having 
been mixed with the sea water which it contained; so that by 
. degrees the rain water took the place of the salt : and thus it 
is that in the greater part of our lakes, the water they contain 
id the same as that of the rivers which flow in. But on these 
new continents, there were also vast basons, where the rain 
waters which came into them were not sufficient even to com- 
pensate for the evaporation that took place at their surface; 
by which means the quantity of the original water was dimi- 
nished, instead of being augmented ; fcnd this decrease con- 
, tinued till the extent of the stagnant water becarrie so reduced, 
i that there was an equilibrium between the water produced by 
the rains, and that which was carried off by evaporation, by 

which 
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which cause the stagnant water remained salt. * Such is indis- 
putably the origin of our salt lakes, such as the Caspian Sea : 
for all the systems that have been imagined to explain their 
saltness, as well as that of the sea, by supposing a continual 
lixiviation of the lands, and the calculations made accordingly, 
by which the antiquity of our continents appeared to be mil- 
lions of years, have had the same fate as those in which it 
was attempted to explain their formation by slow causes : they 
have vanished before the direct proofs of the small antiquity 
of the present state of our globe. 

17. Among the circumstances of the Deluge, those which 
regard Noah himself, his family, and the ark, are the more 
important, as from these unbelievers have hitherto raised the 
most specious objections, in the minds of men as little in- 
formed as themselves ; but we shall find, on the contrary, 
from the increase of real knowledge, that these very circum- 
stances are those which most conspicuously demonstrate that 
this narrative contains nothing but truth. 

18. If Moses (as Deists pretend) had formed only a My- 
thology, upon the model of those which existed in his time, and 
from some inconceivable motive, had affected to contradict 
them with regard to the antiquity of the new race of men, he 
would not, at the very first outset of his history of that race, 
have committed so gross a mistake, as to make a dove bring 
to Noah an olive leaf from a mountain; for the Israelites 
must have known that this tree is never found on mountains ; 
and by placing the Deluge at so short a time back, he lost 
the means of concealing his mistake, had it been one, under 
the veil of time. Touunefort, in the description which he 
has given of Ararat, as a Botanist, has not failed to mention 
that no olive trees grow there ; and this remark alone has made 
many unbelievers. Ararat, however, and the other moun- 
tains, were at the time of Moses in the same state as thev 
are now, and Tournefort's remark would not have escaped 
the Israelites, or Moses himself, had he been writing a fable, 
but he spoke of the epoch of the landing of Noah on this 
mountain ; which, according to Geology, was a time when 
less than a year had elapsed since it was an is/and in tlie for- 
mer sea. I shall remind you of the importance of this dis- 
tinction, after I have considered some other analogous cir- 
cumstances in Moses 1 narrative. 

19. We, 
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19. We find, chap, ix. v. 3. of Genesis, tbat God said 
to Noah and his family, after their descent from the ark, 
€€ Every moving thing that liveth shall be meat for you, even 
u as the green herb have I given you all things." Does not 
this last expression represent the family of Noah as sur- 
rounded with verdure on Ararat? If, however, Moses 
had been writing a fable, would he have again made the 
mistake of representing as covered with verdure, the summit 
of a mountain issuing from those waters which had prevailed 
over the highest of them i It required but very little atten- 
tion to judge, that in such a state of things, the family of 
Noah, on their quitting the ark, would have found nothing 
but mud over the whole grounds. But the Israelites, to 
■whom he addressed himself, knew from iheir own traditions, 
that these parents of the new race of mankind found both 
herbs and trees on Ararat. 






SO. We further find at v. 20 of the same chapter, " And 
Noah began to be a husbandman, and he planted a vine- 
yard." Moses, neither in this place, nor in any other 
part of his narration, aims at giving the history of the Vege- 
tation or Cultivation of these new Lands ; and in fact it 
would have been unnecessary, in addressing himself to the 
Israelites of his times, since they knew it from their tradition : 
the vine therefore is mentioned in this place, only because of 
the verse following, where, continuing to speak of Noah, 
he adds, " and he drank of the wine and was drunken :" a 
circumstance which gave occasion to setting forth the cha- 
racters of his sons, and had consequently considerable in- 
fluence on the events that followed with respect to this race 
of mankind. But we are no less here informed of two im- 
portant facts; one, that Noah found the vine on the same 
mountain whence the dove had brought the olive leaf, and 
which is also represented" as covered with verdure ; the other, 
that he, immediately after his landing, applied himself to 
husbandry, one of the first acts of which was to transplant 
the vine into a place probably lower than where be first found 
it. 

21. My attentive reader will already be able to foresee 
how geology serves to explain these great points in the Mo- 
saic history; but before we proceed to this commentary, I 
shall show why, in giving his account of these circumstances 

as 
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as connected with the history of No AH and his family, h* 
had no occasion to be more explicit than he has been. 

9,2. We have seen in general, that the ancient mythologies 
were entirely founded on certain traditions of the deluge; 
thus we may be able to judge from these, what the Israelite* 
must have known from their own particular traditions, and 
what therefore it was not necessary that Moses should relate 
at large. Now, we first find in the emblems of Heathen na^ 
tions, and even among the objects of their worship, the dove 
flying towards the ark with a branch of olive. Moreover the 
great personage of whom their, mythologies make mention as 
miraculously preserved from a flood, and as having offered up 
on a mountain the first sacrifice to the Supreme Being, (a cir- 
cumstance mentipned by Moses in his account of Noah) is' 
spoken of in them, under different names, as the first cultiva- 
tor of the earth; he who first tamed the bull and submitted 
it to the yoke for ploughing; he who first planted the vine; 
and lastly, the first instructor of his race in arts. Here then 
we have all these circumstances mentioned transitorily by Mo- 
ses ; the olive branch, the vine, the renewal of agriculture, 
and a first sacrifice on a mountain, preserved in the traditions 
of the Pagans; and as these traditions were the onlysounte 
of their knowledge of past events, we shall see that they have . 
further consecrated in their mythologies other circumstances 
which Moses, keeping close to the necessary objects of his 
narration, did not happen to mention, as it was not necessary 
to recall them to the memory of the Israelites, but which we 
shall find also confirmed by natural history. 

£3. Moses, in his admirably simple narratives, no where 
mentions, what geology enables us to comprehend, how 
greatly the family of Noah, as well as their immediate de- 
scendants must have been struck in observing how the "high 
parts of mountains, stocked with animals as well as with 
plants, were serving to propagate life around them on grounds 
which did not bear any appearance of having ever been dry 
lands. It must however be from their accounts of this feet, 
that the Pagans obtained a knowledge of it, and these ac- 
counts must have been accompanied with very marvellous 
circumstances, to exalt the imaginations of their successors 
(not of the family of Shem) so much as to lead them to the 
/conception and admission of certain beings, who had ob- 
tained 
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teined from tlie Deity permission to churn the waters of the 
deluge by tlie w hirling of a mountain, till the water of life 
should be recovered, and come to flow down its sides to re- 
animate expiring nature. Here doubtless is a gigantic effort 
of imagination ; but we see the foundation of it in geology ; 
there is, however, among those flights, a circumstance that 
fet first appears as extravagant as the former, which I never- 
theless consider as having been transmitted to them by their 
ancestors, as they relate it; and it is such, that by strongly 
exciting their imagination, it must have had great influence 
in the production of their mythologies. In describing that 
violent agitation of the ocean, true in itself, though they assign 
it to a fabulous cause, they mention that there issued forth 
clouds of smoke and torrents of fire. Now I have reason to 
believe, from the monuments of volcanic eruptions of which 
I have treated in my 4th Letter, that of the volcanic hills of 
our continents, many of those which are not encircled by 
strata produced in the sea, as well as many of the volcanic 
iftlamb scattered in sever. tl parts of our present sea, and which 
hi many places form Archipelagos, were formed during the 
.catastrophe of the Deluge, and that thus the family of Noah 
witnessed those portentous symptoms, and transmitted them 
to their posterity ; though Moses makes no mention of them, 
any more than of the violent agitation of the water ; because 
the Israelites knew of these facts from their own traditions, 
a$ much as the descendants of Ham and Japhet. 

24. We awry now judge of the importance of the works of 
Mr. Bryant and of the Asiatic Society; since, by disclos- 
ing the real essence of the ancient mythologies, they have 
(served to dissipate the obscurity which, through the Jews' 
•forgetiuiness of their earliest traditions, hung over the book 
.of Genesis, even among themselves; and how much we 
are indebted to Mr. Mauri cf, for having supplied us with 
a collection of these fundamental and other documents in his 
History, of Hindostan, where we find, particularly at pp. 341 
— 354, all the circumstances I have mentioned, together with 
the following, which, considering this loss of traditions among 
the Jews, is of very great importance to us. The same per- 
sonage who in these mythologies U pointed out to us by so 
urony characteristic traits to be Noah, is still further com* 
inemorated in them, as having brought forth with him from 
fei*> b&xko. fjii^tityi of seeds, which he had- there preserved in 

order 



6rdef to renew their races after the Deluge. Now, natural 
history also supports this tradition ; for we see by experience* 
that the preservation of the plants, most useful in our field* 
and gardens, depends on culture ; they gradually perish if 
left to themselves, and are no longer to be found among the, 
spontaneous plants. This tradition then, is a true ray of 
light, which dispels the difficulties that false interpretations of 
the book of Genesis have successively produced; for we 
not only have here anew information, on the means by which 
vegetables were renewed after the Deluge ; but we learn at 
the same time, that even before that event, cultivation was ne? 
eessary lor the preservation of the same plants on the old con* 
HnenH; a conclusion that agrees with the sentence pronounced 
to Adam on his being driven out of Eden, which is a material 
point in Moses' narrative, and to which I shall return, under 
the guidance of other facts. 

25. As long as it was supposed, that on quitting the ark, 
Noah and his family inhabited the same lands which had 
existed before the Deluge, all was difficulty: for, without 
speaking of the Deluge itself, which, under such a mistake 
became incomprehensible, it was impossible to conceive that 
the smallest blade of grass could have been preserved, not 
o*ly under a body of salt waters which covered the highest 
mountains, but on a bottom, which, from the top of the 
mountains to an unknown depth in the plains, is but one 
mass of strata in the greatest confusion, full of the remains 
of terrestrial vegetables, and marine animals. Such a gross 
contradiction between the supposed sense of Gen es is and the 
facts, was well calculated to produce unbelievers ; but it was 
the error of the interpreters of Scripture, who, after the 
true traditions had been effaced from the minds of the Jews> 
substituted their own conjectures for the plain sense of the 
expressions used m Genesis. At the very beginning of his 
description of the Deluge, Moses relates that Revelation of 
Go i> to No a h, which announced that the lands then inhabited 
sfiould be destroyed. It was not then upon those lands that the 
ark rested, but on new continents. When afterwards Moses 
comes to his short account of Noah and his family quitting the 
ark on Ararat, and mentions the olive tree, the. green herb, and 
the vine, these circumstances in themselves were no part of his 
information j they referred to other objects j and he had. now 

thing 
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thing to fear from the criticism of the Israelites, since these 
particulars must have been known to them through tradition, 
as they were to the Pagan nations, 

» • 

26. Now to what period of time are we to assign these 
different circumstauces common to the account.of Moses and 
to the ancient mythologies? Must we refer them to an 
epoch so immensely remote as these mythological systems sup-* 
pose i I have already answered this generally, by proving the 
small antiquity of our continents themselves ; but I shall now 
proceed to point out a striking connection between one of the 
proofs of this great truth, and those very parts of the Mo-t 
saical history of the earth, which unbelievers have pretended 
to be manifestly fabulous. 

27* I have proved from geology, that before the Deluge, 
the summits of our present mountains were islands in the 
primitive sea ; and 1 at the same time observed, that being 
then in the lower part of the atmosphere, they enjoyed a tern* 
peralure fitted for all kinds of vegetation. Now in the revo* 
Iution which the Deluge produced, *the sea, by changing its 
bed, sunk considerably lower ; the atmosphere therefore sub- 
sided with it, and the former islands, become now the sum- 
jnits of our mountains, attained to a cooler part of the ati 

' mosphere. If then Noah and his family found the olive 
tree and the vine on Ararat, as well as other plants which 
subsist there no longer, it is because they bad not had time, 
to suffer from the change of their situation with regard to the 
atmosphere : but as by agriculture these plants (together with 
those the seeds of which No An preserved with him in the 
ark) came to be propagated in lower grounds, the temper? 
attire of which suited them, they gradually decayed in the 
colder region, and were replaced by a greater multiplication 
of those plants which were more capable of enduring it, 
Now it was at the same period, and owing tp the same 
cause, that a phenomenon of another kind commenced, 

t which Talone would be an uncontrovertible proof of what I 
have stated in respect to the vegetables, as it continues to. 
proceed before our own eyes; I mean the growing accumun 
iations of snow and ice on our higher ranges of mountains. 
This phenomenon, I say, leaves us no room to doiibt, that 
the summits of our mountains have changed their situation, 
with regard to the atmosphere \ and when I referred to it in 

mv 
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niV preceding letter, I'lhen observed, that by comparing the' *■ 
whole mass of ice produced from the birth of our continent* 
to our own times, with the course of its progress in times • 
successively known, it is impossible to assign -to them an an- ■ 
tiquity more remote than that which would' accord with the '■ 
account of Moses ; in which respect this phenomenon cor- ' 
roborates all the other natural chronometers. 

i 

28. Thus, in the resemblances we trace so clearly, between'' 
the ancient mythologies and the history of Moses, resem- ' 
blances too marked and too numerous not to show a donnec- • 
tion between the sources of these different traditions, geology f 
now unveils the truth. It- is MosEs, and Moses only, who 
has transmitted to posterity the true account of those times* > 
He deduced it from an infallible authority, even that Whencd ■> 
nature herself proceeds, which now bears evidence to his his- 
tory; and the resemblances we discover between it and these 
mythologies, proceeded from the tradition* of the sons of 
Noah, whose authentic recitals of what they had observed 
during and after the Deluge, roused the imagination of the 
descendants of Ham and Japhet, when they were separated 
from the posterity of Shem, and thus deprived of the instruc- 
tions of Moses. 

29. Thus again, are all those psychological fables set 
aside, in which, by a vain analysis of the human understand'* 
ing, at a period when it was already instructed, some philo- 
sophers have pretended to derive from the powers of reason 
alone, all the religious notions scattered among the nations of 
the world : for we now see, that the origin of idolatry is to 
be referred to the debasement of a pure theism, the founda- 
tion of which was laid in the immediate instruction from God 
to the first race of men, and repeated in His revelations to 
Noah. But the worship of God instituted by Noah at 
bis descent from the ark, was successively corrupted into the 
worship of Noah himself, into that of his sons and their 
first descendants, and even into the worship of the mere em- 
blems by which the several circumstances of the Deluge were 
represented ; and when once men were left to their own 
imaginations, with respect to those objects, the true meaning 
of which they could not understand, without a reference to 
their real origin then obliterated among them^ hos^oundt 
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eonld be put te the excess of deviation* in (be' few, tad of 
credulity in the many : a degradation, of which Mr. Bry- 
ant has traced the | rogress and the causes, in the propaga- 
tion of, the Asiatic and Egyptian mythologies among the 
Greeks and Romans. Nevertheless, beueatb the veil. of all 
these deviations, the primitive notion of a Supreme Be- 
ing, to whom these Gods of their own invention were sub* 
ordinate prevailed at all times among the Pagans : a strong 
instance of which, as far an relates to the Indians, we have 
in Mr. Maubicb's History of tfindottan, p. 359. What 
becomes then of all the speculations on, a pretended dela- 
tion of theism from the human understanding, since it is 
thus ascertained, that a true theism, proceeding from revela- 
tion, did exist among the first progenitors of the present race 

of mankind? 

* 

SO. Besides these circumstances so clearly proved, which 
directly give the sanction of truth tp the recital of Moses, 
there are others which will serve to demonstrate more j*«d 
more, that the sacred historian, in impressing on the Israel- 
ites, as a rule for their conduct, the sublime, ideas of the be- 
nefits, particular comutan&t au*l jydgmeuts, derived from 
God, did not dwell upon circumstances which they already 
knew bv tradition from their ancestors. If his history had 
teen a fable, MosBs might well have been expected to 
show as much imagination, as those pointers whp, from false 
ideas of the.DeJuge, have drawn pictures in which men are 
represented crowding to the tops of eminences, ^pfl flying 
from rock to rock to ev^de the waters. Mosks tfyen, re- 
presenting to himself Mount Ararat, as covered with the 
dead bodies of the inhabitants of the country vyho had sought 
refuge there, would have set it forth in, the colours of poetry, 
aari an elegy would have supplied the expression qf distress 
introduced in the pictorial representations. But no images of 
death, no hint of any mournful scene, are found in his descrip- 
tion; because he wrote the true history of No A u and his 
fcmily, who, landing on an island of the ancient sea during 
its retreat, could not find there any trace of the do6m ia- 
Ibcted on their fellow inhabitants of the perishing lands,. 

. 31. This, however, under a more general form, was the 
ground of one of the arguments pf unbelievers ; who, setting 
out Aom the false ideas whicji prevailed on the nature of the 

^Deluge, 
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Deluge, objected to the history of Moses, that/ if it had 
really taken place, we ought to find in our strata, hitman re~ 
liquia, as well as the remains of terrestrial animals ; which/ 
however, is not the case. But Moses says expressly, that 
the lands occupied by mankind were destroyed; and Geology 
confirms this fundamental circumitance. Thus, far from this 
want of human remains, on Ararat, in the description of 
Moses, and among the organized bodies found in our strata, 
being an objection to the truth of the sacred history, it is 4 
very remarkable confirmation of it. With refpeft to the car- 
cases of terrestrial animals found in these strata, they were, 
as it has before been explained, buried there by the water* 
of the sea, while it still covered our continents, and conse- 
quently before the deluge. 

32. Of all the mistakes produced by abandoning the literal 
sense of Genesis with regard to this great event, that which 
has produced the greatest number of unbelievers, is the ex- 
tent which has consequently been given to the command from 
God to Noah, with respect to the preservation 6f animals. 
If the waters, as was imagined, had in effect covered the 
highest mountains all over the globe, it must necessarily have 
followed, that every animal now existing, must have pro- 
ceeded from their respective couples preserved in the ark ; 
and so it has been conceived. I shall not stop to notice the 
difficulties and improbabilities which arose from such an inter- 
pretation, they are well known from the commentaries of un- 
believers; but let Us pursue the history of Moses, to see if 
their arguments against his commentators, prove any thing 

sfgainst himself. 

* 

S3. The passages which they interpret in this manner, begin 
at p. 19 of the 6th chapter of Genesis, where God says to 
Noah, " And of every living thhtg of all flesh, two of 
every sort shalt thou bring into the Ark, to keep them alive 
with thee; they shall be male and female." Here doubtless 
is a generality in the expression, which we also find in the 
subsequent passages relating to the same subject : but here is 
one of a different kind expressed in page 21 : " And take 
thou unto thee of all food that is eaten, and thou shalt ga- 
ther it to thee ; and it shall be for food for thee and for them." 
Lastly, lei us come to the descent from the Ark. GoD first 
toys to Noah and his family (Chbp. ix. ver. 3) €< Every mov- 
*• ' ' D d fc ing 
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titg thing that lheth shdil be meat for you; even as the 
green herb have I given you all things." Now whoever 
would not seek after difficulties where there are none, will 
merely find in these general expressions, compared with each 
other, a form of speech very common, not only among the 
oriental writers, but in evert/ language, when a certain totality 
is to be expressed, which the circumstances serve to explaia 
, without ambiguity. No ah was not mistaken with respect 
to the orders which he thus received from God; they were 
so expressed as to enable him to comprehend, what animals 
he ought to take into the ark, to keep alive with him, and 
also what provisions were necessary for their food during the 
deluge. It is not in the short account of Moses that we can 
expect to find these details; it is evident through the whole 
of his narration, th:it with respect to such circumstances as 
were known by tradition to the Israelites, he simply alluded 
to them in few words : and we have here a direct proof of it ; 
for if he had related to the Israelites circumstances of which 
they had no previous knowledge, he ought at the beginning 
of the account of the deluge, where he mentions its predic- 
tion to Noah, to have indicated its duration; which surely 
was revealed to hiin, since it was necessary he should be in- 
formed of it, in order to proportion the quantity of provisions 
to be taken into the ark. We see then, from the silence of 
Moses on this important point, that he did not think it ne- 
cessary to enter into such details with the Israelites*, because 
he had no objections to apprehend from them. 

34. Lastly, all doubts on this head vanish when we come 
to the following passage, containing one of the declaration 
of the Almighty to Noah, after his quitting the ark 
(Chap. ix. vv. 8> 9, and 10.) " And God spake unto Noah, 
and to his sons with him, saying, and I, behold, I establish 
my covenant with you, and with your seed after you; and 
with every living creature that is with you, of the fowl, of the 
cattle, and of every beast of the earth with you; from all that 
go out of the ark, to every beast of the earth! 9 Does not 
this repetition of~the words, " with you," joined to the ex- 
predion of " all that go out of the ark/ corresponding with 
the order given to Noah, " two of every sort shalt thou 
bring into the ark, to keep them alive with thee/' establish 
an evident distinction, between the species of animals which 
Noah had taken into the ark, and which had come out of it 
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with him, and u all the beasts of the earth?" Here, Geo- 
logy teaches us, why the Israelites sought no such sense in 
these expressions, as the commentators did who Began their 
interpretations by losing sight of' the nature of the deluge : 
they knew that after the retreat of the waters of the flood, a 
number of animals descended from the mountains, and dis- 
persed themselves over the surrounding countries, in propor- 
tion as they found food ; as we have it figured in the ancient 
Mythologies, by the water of life, which began to flow from 
the sides of a mountain. 

So. Thus, setting aside the animals immediately needful to 
man, and those which, for particular reasons, Noah was com- 
manded to take into the ark, (the raven for instance) the new 
continents were peopled with animals, as well as vegetables, 
from their mountains. It is thus that we find an explanation of 
the phenomenon of the Carcasses, found in our superficial strata 
in the northern parts of the globe, of animals which now exist 
only between the tropics. At the time of the deluge, these 
animals existed in our climates ; we know this, among other 
proofs, from the quantities of elephants teeth that have been 
found in certain parts of the North, so well preserved as to 
have been used for ivory, and by the carcase of a rhinoceros 
found in Siberia, which, by the account of M. Pallas, 
had still a part of the skin with the hair attached. Such of 
these animals as, at the birth of our continents, happened to 
be on the tops of the new mountains, spread themselves, as 
all the other species of animals did, over the adjoining coun- 
tries. But the animals underwent the same fate as the plants; 
they propagated only in places where the new state of things 
afforded what suited them ; and hence it is that each distinct 
region is found now to have its peculiar plants and animals : 
a circumstance of considerable moment in Geology, which I 
shall explain more fully in some other work, in treating of the 
origin of organized beings. 

36. Every part of this sublime narration of Moses, is 
impressed with characters that mark it as proceeding from 
the great Author of nature himself. I shall continue to no- 
tice the circumstances of that solemn covenant which God 
vouchsafed to make with the inhabitants of the new lands, by 
considering the sign annexed to it, (Gen. chap, ix vv. 12 
and IS.) " And God said : this is the token of the covenant 
between me and you, and every living creature that is with 
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you, for perpetual generations ; I do set my bow in the cloud, 
and it shall be for a token of a covenant between me and the 
eai?h." I shall first show what this object presents to our 
notice, considered as it stands connected with natural his* 
tory and Geology, after which I shall speak of the proofs \t« 
have of the reality of this event. 

37* I have already had occasion to remark, that rain does 
not proceed from the condensation of the waters raised by 
evaporation, hut that it iu produced by a chemical process, 
in which a portion of the atmosphere itself being decom- 
posed, returns to the state of aqueous vapour, which, by its 
abundance, first forms clouds, and at length, the fall of wa- 
ter, which we call rain. In the present state of our globe, 
we observe two verv different sorts of rain: the one which 
prevails over a large extent of country, either in a calm, or 
during regular winds; this rain is commonly foretold by the 
fall of the mercury in the barometer ; it is always of some 
continuance, and is not accompanied with any other parti- 
cular phenomenon : this I shall call simple rain. The other 
is more local, and the barometer seldom announces it : its 
effects are sudden, and return by fits; it is always accompa- 
nied with gusts of wind, which are also local ; often it ends 
only in shown, but sometimes it is attended with hail, thun- 
der, lightning, and even with hurricanes. I shall call this 
tempestuous. Now it is to this latter kind of rain that the 
rainbow (or Iris) belongs ; for it requires, that, at the same 
time wjien the air is clear in the part of the horizon where 
the sun happens to be, there shall be in the opposite part a 
floud very low and very thick, and that another cloud shall 
be so situated as to produce rain between the thick cloud, 
and the spectator looking that way; circumstances that never 
happen in the case of simple rain, the clouds belonging to 
which are much elevated, and extend at once over a large 
tract of country : it then also rains or snows on the highest 
mountains ; while in the case of tempestuous rains, we need 
not go very high, to have a tempest below us : and when the 
former kind of rain comes to cease, the clouds everywhere 
break and disperse at once without partial showers. 

38. Thus, in order to decide certainly the question, whe- 
ther the rainbow wan known to the Antediluvians, it would 
be sufficient to know whether at that time there were any 

. . . tempestuous 
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tempestuous rains t but all we know in this tetfyett, is, that 
there is no mention .of hail or thunder in all that Moses haAf 
said of the times anterior to the deluge. This does not 
amount to a proof, but it authorizes an inquiry from physical 
and geological principles, in order to judge whether there M 
a possibility that the rainbow had not appeared before this 
revolution on our globe. * 

39- The simple and the tempestuous rains, unquestionably , 
proceed from one common cause : that is, the decomposition 
of the air, so as to make it return to the state of aqueous 
vapour ; but there never happens any chemical decomposi- 
tion, without a recompositiu?i of some other kind. Some 
Jiuid must necessarily be mixed with a part of the atmosphe* 
rical air, iu order to seize on the ingredients which had pro^ 
duced it from the aqueous vapours; but then, some new 
combination must certainly take place; and we have reason 
to suppose this to be the case, sh*ce the influence of the at- 
mosphere on terrestrial phenomena is so various, that rain 
considered alone, is very far from explaining it. The imm£- * 
diate existence of such new combinations does not yet appear 
to us during the simple rains, but we are sure that they take 
-place in the tempestuous rains, when we consider their con- 
comitant effects. Different sorts of fluids may occasion thfe 
change of air into aqueous vapour ; but the new combina- 
tions which then take place by the ingredients winch it loses, 
are different, as well as the part of the atmosphere in which 
the operation happens; a circumstance that varies the ap- 
pearances of the rains. Now we know from Geology, that . 
at the period of the deluge, there happened very consider- 
able changes, not only in the atmosphere, bnt in the icatrirs 
of the sea, and with regard to the new continents, very -dif- 
ferent from the former, by being covered with strata "of dif- 
ferent sorts, which did not exist on ihcm. It is therefore 
very possible, that the tempestuous rains are among the coiW 
sequences of the changes which happened, at that epoch, (iu 
our globe, and that consequently the rainbow which afr* 
peared after thejfood, might be a new phenomenon, con- 
nected with a state of the earth, in regard to which it became, 
a real token of what God said to Noath, at v. KV of the 
same clap. " that the waters should no more become' a flood 
to destroy all flesh;* or in the language of Geology, that the 
$ew continents were not exposed to sink below the level of, 
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the present sea, in consequence of internal operations, by 
which the state of the atmosphere could be still altered. 

40. Admitting this idea, that the rainbow appeared for 
die first time to Noah and bis family, at the moment when 
God declared his covenant with the new inhabitants of the 
earth, let us represent to ourselves bow they must have been 
struck with all its circumstances, by the novelty and magnifi- 
cent appearance of the phenomenon, and by the divine reve- 
lation which presented it to their notice as the token of that 
covenant; considering that necessary impression, which, if 
the event was real, must have been felt by Noah and his 
family, we shall find, in the proof of its having been pro* 
duced, that of the reality of the event. On this subject it 
is sufficient to read that section of Mr. Bryant's Analysis 
6f Ancient Mythology, (11 vol. p. 341) that has for its 
title, "of Juno, Iris, Eros, and Thamur;" in which 
the learned and judicious author unfolds, what the ancient 
mythologies contain of allusion to this sign, as marking an 
era of the greatest importance in the history of mankind* 
The Iris, either as representing or accompanying divine love, 
and evep expressly as the emblem of a solemn covenant, be- 
came an object of worship among the first people which se* 
parated from the family of Shem; and Mr. Bryant gives 
a particular instance of this (p. 414 of the same vol.) in the 
design of a» piece of sculpture, cut in the rock near the Cam* 
pus Magorum in Persia, copied by Thevenot, in which Eros, 
that is to say, divine love, represented by a winged infant, 
is setting on a lainbow, near which is the figure of an old 
man in, the act of adoration. Lastly, Mr. Maurice, at 
p. S47 of his work, quotes also the mythology of the Chinese M 
where they make ifteir great Deity Fohi, to spring from a 
rainbow; and this personage, in other respects, bears in 
their mythology all the characters and attributes of Noah, 
as saved from the delqge. Here then are pointed traits of a 
general tradition relative to the rainbow, considered as a great 
sign; and to this, natural history and Geology add their 
evidence. Now, if we consider the simplicity and concise- 
ness with which Moses relates this circumstance, we shall 
find, that the Israelites must have also known it by tradition 
from their progenitors ; and it is a fresh proof, that he relied 
pf\ this tradition, through t|ie whole of his narrative. 

it, There 
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41. There is also a very remarkable circumstance, which 
refers at once both to the history of the Flood, and to the 
events that are related with respect to the first man ; a con- 
nection that we have already noticed in the case of the plants 
-which require cultivation to preserve them. In describing 
the Garden of Eden, with the view solely of giving to the 
Israelites, an account of the origin of evil, and of the remedy 
revealed by Divine wisdom, Moses mentions the following' 
circumstances, (Gen. ch. 11. vv. 10. &c.) " And a river 
went out of Eden to water the garden, and from thence it 
was parted and became into Jour heads : the name of the 
first is Pison ;— the name of the second is Gihon; — the name 
of the third is Hiddekel, which goeth towards Assyria, and 
the fourth river is Euphrates. 9 ' Here, I say, we have a de- 
scription given by Moses in the 3d chapter of Genesis; v 
and it could not but be present to his mind, when at the 6th 
chapter he began the history of the Deluge. The Israelites, 
to whom he addressed himself knew well an Assyria and 
Euphrates, but these were very differently situated; no 
river existed in these countries that was divided into four 
heads, of which one was Euphrates, and another ran to- 
wards Assyria : how then could they have borne this appa- 
rent contradiction between the narrative of Moses and facts, 
if for them it had been real i 

42. We shall see here, from the very beginning of the book 
of Genesis, what I have observed with regard to all the 
other parts to which I have had occasion to refer, that the 
divine source from which it is derived, appears more clearly 
in all those circumstances that, to those who have not studied 
them with attention, seem to be improbabilities. At ch. 2, 
where Moses spoke of the Garden of Eden, he was de- 
scribing a place which had belonged to the ancient continents; 
but when, in chap. 6, he came to the history of the Deluge, he 
began with the declaration of God to Noah, that those con- 
tinents should be destroyed. The Israelites, therefore, were 
not induced to make the critical remark to which I have just 
alluded; they knew that the names Assyria and Euphrates 
were antediluvian, and only transferred to the new continents, 
as we have since seen it practised universally by colonies, 
who name the new settlements' in the countries which they 
adopt, after the correspondent names of their native countries* 
JIoses, ia speaking ef the Garden of Eden, described a real 

place; 
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fUue; for hi tttold not be guilty of so gross a blunder as the 
contrary would imply ; bat this place existed no longer, since 
the continents on which it was situated bad been destroyed: 
Geology even, m commenting on the narrative of Moses, 
tads us to think that it was destroyed when Adam and Eve, 
banished from the spot where they had transgressed the com- 
Jb&nd of God, were compelled to apply themselves to agri- 
culture for their subsistence: It is, I say, very probable, from 
(he history Of Mosbs, that a volcano burst forth to bar the 
Entrance of this original place of their abode, while it sunk 
into the sea. I have shown that volcanic eruptions make a 
part of the history of the ancient sea, and Moses mentions 
k flaming sword, which guarded the entrance of the Garden: 
now in other parts of sacred writ it is said, God maketh kit 
Ministers flames of fire. 

4$. lastly, after the account of the different circumstances 
Of the Flood, and of the first establishmei.tof Noah and his 
fataity on the riew continents, Moses passes on to their poste- 
rity. He sets Out with the first generations of the three sons of 
the great Patriarch, in Order to mark the course they pursued 
in forming their first settlements, whence we are able to tract 
the origin of the traditions of the Dehige sttnong the Pagan 
nations : after which, confining himself to the posterity of 
Shem, which was his principal object, he first attributes to 
$}oah a length of life equal to what hfc had assigned to the 
antediluvians ; he lived, he tells us, 95Q years. From this 
time he represents the terms of tnan's life as decreasing ; al- 
ready Shem lives only fiOO years ; nevertheless, in this course 
of successive decrease, Abraham, the! comnVon Father of the 
Israelites, and on whom he nevlr deases to fix their thoughts, 
is yet spoken of as having attained tev !?5 years, after which 
the common term of human life vftts gradually shortened to 
its present duration. Her6 is the last Geological fact in 
tf*e account of Moses (the rest being onty the history of the 
Hebrew nation), but tbfe is well worthy etf consideration. 



<. 



44*- Hie ancient mythologies Of the Pagans also assign very 
long lives to their first chiefs ; and after the account which I 
have given of the origin of their idolatry, it is natural to think, 
that the real feels relative to this dbject> had po raised their 
lttfegiri&ti<His *s to lead tnemto attiibuti&ii&jfifflkilifyta these 
r *>iiud4rsJo£ the *e# rate of* nfaftlaiRf, an* ft dugiheirt-in 
• '-»• ** ; proportion 
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proportion the distance of time since they appeared on die 

earth. Every thing became gigantic in the ideas of theae 
primitive people, when their traditions had become the only 
sources of their knowledge; because these contained real 
prodigies ; and as in this strain they disfigured more and more 
the facts themselves, it is not surprising that their chronolo- 
gies are at length become pure fictions. 

45. If Moses, as unbelievers suppose, had ransacked theae 
sources, can we bring ourselves to believe he could have 
committed such a blunder as to drop this veil of antiquity in 
his Chronology, so as to make (in his address to the Israel- 
ites) but a few generations to have passed between Noah 
and the times of Abraham, their common father, at the 
same time describing the term of man's life as having de- 
creased in this short period, from 950 to 175 years, with 
again a decrease of one half, from the time of Abraham to 
that in which he wrote? No; it is not so that designing 
people invent. It most necessarily be allowed that Moses 
relied on not beiqg controverted ; and we now see that he 
spoke nothing but the truth, since our continents (that unal- 
terable depot of chronometers), confirm his chronology. 

46. Here again, some inattentive commentators on the 
book of Genesis, have, by their systems, given weight to 
the arguments of unbelievers ; bending the expressions of this 
great book tike a leaden rule, and in that arbitrary manner of 
interpretation, either contradicting some ancient astronomical 
monuments, or depending too much on others. It is not ne- 
cessary for me to enter into these details, because I shall 
again show, that the literal sense of Genksis is the truth: 
but I must for a moment stop to consider a point of some 
importance on this head. 

47. I have in view some chronological systems immediately 
deduced from those ancient astronomical monuments, under 
the idea, that nothing has happened with respect to the 
movement or position of the earth that is foreiga to the 
causes or laws which serve as a basis to astronomical com- 
putations. This supposition is very natural on the part of 
Astronomers; but Geology does not permit us to assent 
to it, because the revolution which occasioned the deluge 
must have had some influence on our gjoba in this respect. 
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If we first consider the statical consequences likely to have 
followed from a sudden displacing of such a mass as the sea 
ire must judge that the velocity and direction of the motion 
of the parts df this mass, which came to change its latitude, 
could not but have some influence on the velocity and di- 
rection of the motion of those parts of the globe to which 
they flowed, and on which they were detained, and tho* 
occasion some change in its rotatory motion with respect to 
the position of its poles, or the inclination of its axis to 
the plane of its orbit. Moreover, the sinking down of the 
continents, together with a portion of the waters of the sea, 
having filled up vast caverns in the interior of the globe, there 
could not but follow some sensible alteration in its centre of 
gravity, and consequently in the direction of the plum-litre 
on some parts of its surface. These changes doubtless could 
be but small ; however they do not the less prevent true chro- 
nological inferences being drawn from some astronomical 
traditions among the Asiatics; since, in comparing antedilu- 
vian traditions with posterior observations, the difference be- 
4 tween them may partly depend on these changes. 

48. 1 have called traditions the astronomical fragments 
discovered among the people of Asia, because M. Bailly 
'has proved that these fragments had an origin prior to that 
of these people themselves : they being mixed with errors, 
which are the same in the north and the south of Asia, 
and into which the original observers could not have fallen* 
Now, from all that I have hitherto proved, these traditions 
could proceed only from Noah ; that is to say, from the first 
founder of the new race ; and this we can also collect from 
the ancient Mythologies, where the great chieftain from 
whom they derived all human knowledge, is, among other 
things, represented as having instructed them in Astronomy, 
This likewise is the most probable reason why this science, 
not having its foundation in their own discoveries, but fol- 
lowing the turn their fancies took in all other respects, dege- 
nerated into Astrology, the progress of which may be found 
in the works of Mr. Bryant and Mr. Maurice, the lat- 
ter of whom may especially be consulted at p. 346. 

49. 1 now return to the long lives both of the antediluri- 
tms and of the first generations of men after the Deluge, a 
, circumstance for which it is not difficult to assign a physical 

2 ca\ise 3 
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cause, since we have already had oeeasioB to notice con-' 
siderable and successive changes among all classes of orga- 
nized beings, before and after the Deluge. These changes, 
the consequences of those which happened both in the interior 
and at the surface of the globe, were the effects of the same 
causes that have produced so many greater effects of different 
kinds, of which 1 have given an account in these Letters; and 
we may readily conceive from analogy; that the long lives of 
of the antediluvians were connected with the stpte of the 
earth ; that the family of Noah, bringing with them to die 
new continents a great strength of constitution, communicated 
it to their first descendants, and that it diminished only by 
degrees. All is connected together by the same causes, in 
the long series of Geological phenomena, (including those of 
the organized beings,) which I have described in this work § 
and it is the certainty and harmony of these phenomena^ 
which, by irresistibly drawing aside the veil that covered real 
events in the ancient mythologies, and refuting the erroneous 
interpretations of Genesis, finally evince that all the parts 
of this sublime cosmogony are derived from the fountain of 
truth. 

* 

4 

50. As for the final causes, of which we cannot doubt 
after so many proofs of the interference of Go b in the events* 
of humanity, it is Still easy to trace them in this account of 
the duration of the life of man. The first continents having 
been peopled only by the descendants of Adam and Eve, 
and the present continents by the family of Noah, we find 
accordingly a sublime agreement between the long lives of 
men in these two periods, and the rapidity as. well of the po- 
pulation as of the advancement of the arts, of which we find 
the traces so simply exposed in the narrative of Moses ; for 
it would be easy to prove that this long term of life quadrupled 
at least every effect which the same length of time would have 
produced among men whose lives would have been only of 
the present duration. But when the humaojace was renewed 
on continents which the sea could no more overwhelm, tfnd 
had so multiplied, that men would by degrees crowd together 
on the same parts, of the earth, it was a sublime- dispensation 
of the wisdom of the Creator, to shorten human life, 
since it shortened the dominion of the passions of indivi- 
dual*. 

91. In 
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6\. In thus tarnrinothi* the ^physical explanation of the 

eleven first chapters of Genbsis, containing the history of 
the earth, from tl»e epochs "when light was first added to the 
other elements which compose it, to the time of the calling 
of Abraham, Ifeel it incumbent on me to recapitulate the 
»otives that have led me to these investigations. What can 
we determine with certainty respecting the origin and nature 
of Man, without knowing his history ?— How can we know 
tiny thing of the history of Man, except vie know sufficiently 
the history of the planet which he inhabits? — How can we 
learn the hktory of this planet, without studying the monu- 
ments of its revolutions, and all that Natural Philosophy can 
discover to us of their causes ? Such are the questions which 
irnve induced me to devote near .50 years of my life to these 
studies, including the history of Man himself; and as they 
have contributed more and more to impress on my mind a 
fcrm faith in our holy religion, I have found the reward of 
nay labours in an inward satisfaction, which the vicissitudes of 
tty life haVe never been able to shake. 

52. Goo, by inviting us in his Revelation to study Nature, 
has laid a foundation for the re-establishment of the faith, 
when the lapse of time, and the caprices of fancy and passion, 
Would have led the way to incredulity among mankind. Faith 
had been gradually established by prodigies, of which men 
bad themselves been witnesses, and which they had transmit- 
ted to their successors ; and now it is supported by proofs of 
ihe existence of the earliest and most important of these pro- 
Hgies, which will serve gradually to dissipate the obscurities 
produced by the fabulous accounts of Nature, which men, 
who pretend to enlighten the world, have propagated. Then 
Will mankind generally acknowledge a Supreme Lawg i veh, 
Who has given them rules and instructions; and they will in 
the end discover how much it concerns them to listen only to 
SIK. 

■ 
i 

* 

- I have now, Sir, finished that abstract of my Geological 
inquiries, and of their results, which you thought would be 
sufficient to enable those already versed iii the 7 study of these 
phenomena, to comprehend the whole of their connections, 
and to excite in others the desire of fixing their attention on 
sq important a subject : but if it may answer your expectation 
•* in 
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in the first instance, I doubt of its success in the last. The 
objects of Geology are very numerous ; they can interest only 
when they are so understood as to reflect light on each other; 
they will remain dark if not sufficiently explained, and then 
no interest can be produced. This, I fear, may have been 
the case with many readers of these extracts; but as they 
have the same interest as the learned to know what foundation 
our faith derives from Nature, I think it my duty to resume 
the same plan on a larger scale, in order to explain the whole 
in such a mauner that every attentive person, of a common 
degree of information, may be so forwarded in Geology as 
to find readily new sources of knowledge in a multitude of 
common objects, which remain silent for those who want 
previous information. This I have undertaken in a work 
which I intend to publish. 



I am, dear Sir, 

With much Regard, 

Your's, &c. &c. 

DE LUa 
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